3 February 2005 LASER SHOCK PEENI NG | NTEGRALLY BLADED ROTOR BYWHE2E%:es
BACKGROUND OF THE | NVENTI ON FI ELD OF THE | NVENTI ON 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 adesEROFHOIKFEENINGOINECEGR ADLYrBLADEDRII sks such as
found on fan and conpressor blades to form | aser shock peened regions
havi ng | ocal i zed conpressive i I S i nparted by | aser shock
- peening. 1 DI SCUSSI ON COF THE Bkgﬁgg%%ﬁﬂﬁxgghéﬁgturbine engines and, in
particular, aircraft gas turbine engines rotors operate at high rotational
speeds t hataprefUsEND ok TIgmeyVenagionvi bratory stress fields within

rotating blades, such as fan and conpressor bl ades and nakes bl ades
susceptible to foreign object damage (FOD). Vibrations nay al so be caused
by vane waddBEDAH THH BtVENTEINuUre distortions as well as other aerodynanic

- phenonena. This FOD causes nicks and tears and hence stress concentrations
tears

in |leading.,and traili e s of ,bl.ade .airf.qils. These.nicks an
bocone.  nd b piehlen stk 18 el ShRgheeiRG of i an draie Ferd &g
severely I8 j ) ' . i . ( HCF)
fromvibr glirg]rﬁf ésdt%fneelsﬂé%%s élpr?:’a?g% gﬁgh%?%‘z]ﬁ g%e]%g?r:ﬂgggﬁ %ﬁéﬁ% Egﬁdégﬁgglgét o]
i nci pi ent and geltingedgemonbdasi cllintegially béaded retors andndisiefsuobjae fawidsuncian as
along airfoil edges. Thereforg, it is highly desirable fo . design. and
construct a’l"i)n"d’é‘f‘prgﬁgfiﬁﬂg Safo aﬁ&m Bhribe rPIPEY SSEI0RS _]\?@Wg algcg’c r hard
metal |1¢_ RfbiRssitOALiREFseld Hhp@bldhy AsdShbdl pediffeh | oW and high cycle

fajigue and that can arrest cra an prese ay parts. The bel ow
" réferenced U S. Patents are directed towards this end. They teach to .
provi de aPISGQUESKIN Qif THEBAGKGROWUNIR4RIns of deep conpressive residual
stresses inparted by laser | 3 February 2005 shock peening on at |east a

radially &5 %}g}n%ge glonretsia(r)]g, 9nf pell 1919122%%% ggs T xinL, ierqgingsd otors 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 ras other aerodynamic phenomena. This FOD causes nicks
and tears and hence stress concentrations in Jeading and trailing edges of blade
airfoils. These nicks and tears become the source of high stress concentrations o

stress risers and severely limit the life of these blades due to High Cycle Fatigue

s

; (HCF) from vibratory stresses. These and other operational phenomena lead to

‘incipient cracking and material 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 high cycle fatigue and that can arrest cracks than present day parts. The
below referencéd 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 t'he bl ade. The regi on of deep conpressive resi asug?br%%rygggses

inmparted 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 residual stresses that are induced by a hardening

oper at i on shockgeenihgormat beaahe ratidlhoaiténdingepertian df I¢ddergimd/ortteai Geg edgdee -

wor kpi ece such a g t which is disclosed in U S. Patent No. 5,235, 838,
entitled SW%F‘WO%% heladsparat us for truing or straightening out of true
wor k pieces”. The prior art teaches the use of multiple radiation pulses
from hi gh powe RSt | out |
cmto produce gﬁgcwﬁggghﬁ&%ﬁgq%%g%{é&g?é a m@%lg%é%glgﬂﬁg%?mfgo&?he _
above r ef e¢he posdntHavenionain thoUtdhe Partfesdd Wah a3udfabe 688r zorendf 4 wedkpidiet er i ng
Mat eri al P{_lopert i.es": H . Pg%qgnt No. 4,401,477, entitled "Laser. . shock
‘processi nd#at SHRIDE doca é{ti%!??ﬂ’ compressive gesidual strepsey thjntgrindyced Bpar ti es” .
Laser sho i rst [0 j u hel ans
utilizi ngqg]r&ﬁa erB rgg‘?nn :‘{lgg%‘n g lﬁ%geﬂregg]eﬁl@gg ?gbq% %ﬁg’r ?ﬁ%ﬂg’ﬁ’ee{] strong

| ocal'i zed wahpices sudke a§ ahatewhioh i@ disulésednnoll.S2 Pt ade.. 5235888, patitledg has
been utilized to create a conpressivel stressed protection | ayer at the
out er sur f déhosk and apparabissios W SFrélgl)éWam qu of §yR Tk Piasey- i Thermsigse t he

resi stanc o] I ' e ' ' . Pat ent
No. . 037 o poerE MR EAER: (LB Bl Bl URPUER TREEPIR ReS
peeni ng | éade geasidt diamdteRBIedgRs! ah ©@gFodutehoek eagednen Hasurfade of a
conpressor bl ades and stator airfoils have been disclosed in U S. Patent

Ng} 5, 59 Wagkieceasipilar dg the abeve sefstarcesb Bateat gad U.Gr Batat Myi 7:85G:e88. bl ade
edges"; U_S....Pa . 570, .enti.thed "D st i cont.rol,. for | aser
Shach beosied A illind Riaidisel Propdtiest L bty Red'igd 27 QRO magt ' Ao

5,492, 447 sh@ht plob@dingl;aafd 1580 PhtenP QRN ETN1 TIQVTT, HANBP NYMtSridlOProperties”.

turbomachi nery”; U.S. Patent No. 5,674,329, entitled "Adhesive tape
covered | &8 sBprkcRegpifemias gindergiogd in She prtaadtasNised heesin, Be@s Wilizind ed  "Dry

t | hogk ing". all of which i gned t.0 t.h t
rost gnoe. SRS AR R RER Ries B mmoficed uiihadbf BRT B Se SiEe ™ °°°™
i ncl ude ways Rifrtiorl 8p8kuTHALC kLﬁ%ﬁFéé?ﬂ]gahészHeh WiBaed R crRARk 4 EahpleBiGvaggloes

using circular cross-sectional aser beans that formcircular |aser spots
on the Edgé@sedzp@t@éx@pu}awr 2008 outer surface of a workpiece 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 édges"; U.Ss.
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 wsing circular cross-sectional-

laser beams that form circular laser spots on the edges.
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U S Patent No. 5,492,447 discloses |aser shock peening an 3 PS8 %hnul 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 beamapplied to the workpiece
and contr o?IS: ﬂi’gte[lhbbsﬁbéﬁé‘lé disslosprelanershotk pesniwsyn infrrioaphmdarsegiandy

t | | Th t d th
G scl osed PHIPEJLENG dead ap VLT BHoIC B R FaPT RAGes RLTSOBETPOIaIE
i nci dent gloﬁ Qf.s. phent 1%95 oPe8oy %ehé‘s%mahi Wﬂeﬁﬁlﬁddﬁ%ﬁ%b%ﬂlﬁeoﬂfé}”d/ or

the shape of the incident inpact .area, based n such 1 ncirdent angle

pat ent t edehmsapiizt tarthobyirgmecs acd dentrolingltkec shapeesf the bwainawith Jemses,| rcuI ar
cross-section. causes the shape of the i npact spot to be elliptical,6 and
that the & e AR BaTBFUIéﬁHﬁ“Sé’%%éH‘g"é aafgepw&trf%ﬂ‘@éﬁpp%rﬁ% agd mpthods
necessar i |as fhangsgudd s@Qﬁrsﬂ%cﬂ?@%rt ﬁBﬁn :])851591?3)’1\@ m&gﬁgn ithg pat ent
further - teaches that the energy dens y pe area conpared £6 ot he

areas on tthte]aserri&amsaﬂﬂfc@@&onr@ahepolanmﬁﬁlab)kﬂdr&be Qfapﬂ@ﬂﬂiéﬁhé;@éﬁﬁlﬁpﬁﬂr ki ng
the material, thereby, possi bly ~lasing sone of the benefits of |aser shock

peeni ng. THiasbaGA %rﬁuFBﬁlFﬁ"@fiﬂt @ﬂglénélﬁvgwate@btﬂaph%ﬁth@irmlewumqtcéﬁné@@g fray
cause Sevelq g Béa%l? lh%ﬂ‘ﬁg a"é%d[]:%“ér&rsls)écngﬁ‘ slwt h}tel 9 HP Iaetc § 0f LB
e e-sane FH F é) }

OppOSI te si s at t I e, as system

Such opposlliptichli fisd @izt therehidRendts asfeshchna \@ﬁﬁﬂ(g@ Qpﬁﬁe ﬁi‘cldeht Bpéir SHape
section, such ags disks, blades, and other workpieces of different
geomet r i egecessarily ghanggs F‘%%efgbﬁmmmé‘@ﬁilﬁ tibﬁl@swwéplepheﬂéelmteat foderbl e

ef fect of e]e ssed orti the o ite sides of
tHe wor kpltéeagﬁeesv\h%rfk[]% é’%eﬁ?{l o tP’)fP ate R arseg %F%Weﬁggﬁ § PPPf cal
spot s ar eswfickicz@tes SpeIRibING- dzfﬁioﬁaq;"ﬂﬂombkwaﬂu@é tHehBateMBIl KRIQFEpIRIbIFaUSE
over or under wor Ki na@of the nmaterial or distortion of f he vvorkpl eces,

t her eby, lsingasomeof bmﬁgsoef lnsgsf shogls @ﬁefshgc Khis soe-vsifognityrof eiesgyror e,
based upo u al ong with t articular a nt overl ay
mat eri al de:{hc fi9 e(go d ‘g?rﬁP%C%tnllagn 108% G%VC“? 8 Wﬁd’%‘é‘l?rje‘f* V@F’?‘a}Hﬁ &2 t he

| aser bea%mp@éaetmnswﬁo@ﬁ@ sifes tA&hé sAMENRHENAs AYRN Witk 4 Y b&AD 1ResSi bl y
degrade and reduce the ener applied to the workpiece. Thus, in general,

t he pat entystéghcl S}t@bsomlnlgog% ereepomngiimesnnedded eon syswkisiccdsuef fhin foeossa. nor e
fi cantl

com. et S FRORLT Y0 RRE BRNST BT FES s SRR AN e o
the appl i @@vehtasar sﬁﬂ%egl\ﬁ ﬁf‘«bhéﬁmgﬂﬂ%r@?st £pbssiinaches: 4ohd1aavinghRe ﬂ)éélexse of
energy through a lens to
processed portions on the opposite sides of the workpiece worked identically, and at
the same time when elliptical spots are utilized. Such non-uniform 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 appl:ied to
the workpiece. Thus, in general, the patent concludes not to use el]ipticé_] 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




3 February 2005 reform the shape of the incident area on theQW#¥geee, to
counteract geonetric effects created by the workpi ece surface orientation
on the incident area shape. Manufacturers are constantly seeking nethods to
reduce the time, cost, and conplexity of |aser shock peening processes
.and, it isto this end that the present invention is directed and, nore

par ti culrafory, thé ehapéfdhd MRidéhCared oR PIRAWSHPERE, BNYunteRich dtfc effsdiape | aser
beans used in | aser shock peening. SUMVARY OF THE | NVENTI ON An aspect of

 t he i nvemeateshby theavarkpinestsutioce driguationlnodke peileniayed gagé.ng or trailing edges

of gas turbine engine bl ades nmounted on a rotor el enment by sinultaneously

| aser shqck eeni nq pressure ang.suction.side surfaces, al ong one of the

edges of "' a§P§H§ @FtH”mgwﬂéuﬁggmﬁid§@3§@%0P0H3“agﬁﬁebaaﬁt, brEy the

| aser b : ' ' : rd ac to form
%Fﬂiﬂﬁ&t egf Rk} ghtﬁzka]?%hglﬁv‘fgtto@essése%gggg ,1§ gontt £ end tf& e npé‘@g%?

el liptical "sha | aser spo he sur over | appi | acent

el I'i pti dalersiapsddirasel asdomdraparticulariyg td Reoldagrr udeeafreppdratusessadd i ci ent
energy to formregions having conpressive residual stresses inparted by the
| aser  shoetkodreloresigpeleserhenmg upadiia lasgeshockhpeerindm t he surfaces. The
elliptical shaped |aser spots may have mgjor axis extending away fromthe

edge an%ﬂﬁ%ﬁi&ﬁgﬁgiﬁ?ﬁﬁﬁﬁ@ﬁg? transverse mnor axis and, in a nore

parti cul-ar “enbodi vention, the elliptical shaped | aser spots
overlap by about 50% and the | aser spots extend over the edge. Relative

NV e MentADHABEIT thé iveAGRT isRaAGRoARS 11RL sifitk REMRe MaNinBOr eflifGt @des Whi | €
the | aser beans are being fired. Another aspéct of the invention provides a

rr? hod fodiga$ bwkine shgiok bpdenimoyntce adiangtoyrelentana by isingul edgmslyolksgabotkur bi ne
éngi ne bl ades nounted .on a rotor elenent circunpscribed _about an axis of

rot at i oPSHHAE REFFYG A Heten sidesyeaeeslongeens qhfhecedues okiths Pladepiied  apart
f orward cgrgw(r}lalgIc}%sﬁ-@gct%gvﬁsqulh%n%ggﬁﬁlg\g@lgrlgée? ﬁeﬁ%s ef98S oBE: %g%#gﬁ SLigs hock

. UL . .
peened € space. 'S aser shocCk peens Teadihg or trailing

edges t hedpeOotBE stitgoes 6 Qo BimS elptitAndaps Msdrapbis chdekufRQRI! Agl pressure
and suction side surfaces along one of the edges of the blades in one of

t he r owoveilagping adjabent dlipiss! shapedolasdr smits and firsar tred ldsers bearhe avith

respectiv , firin he | aser beans at a first_ oplique angle with respect
to the §H§J'Pﬁee%§n%ray o T v élrwling@P@aresgwsﬁ%dqaﬁgtéqssgsdmpéﬁ%wyﬁlée surf aces

and at fasef* 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

4




3 February 2005 second oblique angle with respect to the a3 @ WA the
second oblique angle is sufficient to clear blades in the adjacent row of
bl ades, and overl appi ng adjacent elliptical shaped |aser spots and firing
the | aser beans with sufficient energy to form regions having conpressive
residual stresses inparted by the | aser shock peening extending into the
bl ade f sedontihebliRjue faaglswithnesgeer i@ sireatis ofherdift the \sedindosblijuevards i@ nmet hod
for laser shock peening |eading or trailing edges of gas turbine engine
bl ades mbffiried tonclaar bledes & Srendiapgnt rewnof ghade%@@ovqml%@bkcepbem ng
pressure,and suycti side. surfaces al png one of. the.,. edges of the blade

b thor et hbtE Rl PERE MRt Gies b el St sl y.
firing thgodd heding aDRIprEGRT RLideR HRlsQUEnaRRhcoPhd l%s%)[s RE&K beer
pressure ~“side surface so as to formelliptical shape aser spots on the
pr essur exgndimgsnto lacldadd fromnie surfiwesecond | aser beam at about a nor nal
angle with respect to the suction side surface so as to formcircul ar
shaped | aser spots gn the suction side surface, and overl appin adj acent
el I'i pt i Adothenaprsgt phiheringgsion pipvides  enathed for dprer shegkarceringtleadingplect i vel y
and firj t aser he Wt fificient energy to formyeqgions having
conpr esrsnzagglg ?’g%‘%sdé% ggs)st fﬁe@éﬁé@s e{ﬁ%;ér Ib(gage%ym?wge(i a%réra S gocr Kk e%&%ﬁ?n%d’

ext endi REmiiRhendshielabiratisck pmiddSresstt ARCARioA\NAE REFaRS ARl b iR

i nvention provides a nethod for 1aser shock peening leading or trailing
edges okdgess of uthei bladenwiithe chalde scrossisdotidn ofirsh amd crecedderiesdtr béancunscri bed
about an axis of rota ion%jnd havi ng an_ annul ar space between adj acent
-\ng al | y T&p5eize Y:aﬁw& £ drstdaser hpam &t an phligueomels wHi §espefide dhepresiredges

€i ng | aser, e i ho ser _shock peens

| eadi ngglc%)ig SP&%%%?%S?%%%SGH?%%%%&) e}a%&f&ﬁgtsg %3*3:"21’%?&‘%? gﬁ(}% ?‘gﬁaéjg’u@?% | aser
shock pagiHeBehdIaQS HeiR atilshus HabiRA ahbRevittFhRee o thekebnaiR Rtfatd edges of
the blades in one of the rows with circular cross-section first and second
| aser besns foifmh rcinaglat Ishapfeidrlaser| spotsr o dbersadttioa dide strfaiel iand @verlgipign t h

respect to the pressyre side surface so as to formelliptical shaped | aser
spot s oAdia GHﬁ)élgglu%i@pef Ui 1 AR e I8 SEPed JasRrISRASH reprectvily @1dyi t h

respect t i rel : S€ ld.que .8 .S icient to

cl ear bﬁ%ﬁ%s‘lﬂ?nﬁ%gﬁzbe\ggﬁ%a@gﬁtStulr%g%e%tf 8%?%8355),110 I rrleg{&g% ﬁl_éllvﬁl§eg(§) %SI?‘I;}S'[ | aser
beam at rexftud] steesRRrifphrtéBy eheaddt shoSPpshieCxtdhdinliato M8 bidddardkiface so
as to formcircular shaped | aser spots on the suction side surface and at a
second 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
1 ) 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, firing the
second first laser beam at about a normal angle with respéct 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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5 3 February 2005 oblique angle with respect to the axis ﬁ%%#%%ﬂygﬁ%‘
second oblique angle is sufficient to clear blades in the adjacent row of
bl ades, and overl appi ng adjacent elliptical shaped |aser spots and firing
the | aser beans with sufficient energy to formregions having conpressive
resi dual stresses inparted by the | aser shock peening extending into the
‘bl ade f rmybd gn bl WARGESpecEREd kR ISrQh tﬁ@%o@ﬁ@%ﬁﬁ%ué AR A RER S de
faster and ‘nore cost efficient methods to |aser shock peen surface

por ti onslaf blalasimtheanjadentirdw nd bédigs sangasverlaping edpogitredlifticat gispedrount ed
on rotor, sections or.elenents. An integrally fornmed bl aded rotor section is
al so r efleser spots gnd diring the: lager hepps pyitly suthcsig en¢rerry form tagient BRYRE bl aded
di sk (BL] havj,n r. e ac apart rows of blades i.ntegrally
mount ed SR Edeaal Befes TREFARRE oG 3R ol BBotis JB0fEe sRbTHE " X
desi gned)ide mpefRtsarheeshi gh tensile and vibratory stress fields and | aser
shock peening enables the blades to better wthstand fatigue failure due
to nicks and tears in the leading and trailing edges of the blades and,

t her ef ortanbddawentsnf theqreszseiaveition ryedde Gaster end imomabosy etfomet methald thl ades.

A | aser ,shock peening.productiop |i.ne e set up and, oper at | ess
expensi J@%&OSE%%H félg'fapgp?xﬁlgggo&g@égg@ﬁymﬁmgﬁ Be5r§ag tur p)te,engwg%?%ieg; ower
capi tal V, i | e ign, and
const rudfotp@on AR bfiGns SESHRoRE ACRIoRRNY it RBUE A o RB5HIE. Ton
uses di e ref@salr tob@oaBintédriIDUbladdt ARMEMBRY or tBSeBy biided @&ﬁr(ﬂmsn? shapi ng.
BRI EF DESCRI PTI ON OF THE DRAW NGS The foregoi ng aspects and other features
of} t he ihaviagttvorpr ancresppéad muut faws debladed vinkgrglly deswtédoor fommet aloemn i n

c¢onnect i ith th [ dr awi - FIG | i di ag| ti
o S poc B ol ori irk P A ofh BB i) dibfinc o onrente sl BAt I9MSker  Shock
BT K O ghll Ahritbd0S6aTREGS 0l BLAS SRk paid CfliR (RPBIAN 1 RO e

el I'i pti cathstans utighpdhidure Wne do infrkk A8d kaseh B deddineaid ngliag edgesafriaeli al | y
extending | eading edge of a first stage blade in the BLISK illustrated in
FI G. 1. bfdes and, therefore, have an increased life over conventionally constructed blades.

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.



3 February 2005 "FIG 3 is a cross-sectional viewillust rat?g?\brg?ryt Ogsl aser

shock peened conpressor blade through 3-3 in FIG 2. FIG 4 is a
cross-sectional diagrammatic illustration of the | aser shock peening nethod
in FIG | through 3-3 of the blade in FIG 2. FIG 5 is an alternative
second netFisdl Hfs hagess-shiowial peeniilesttaien fafrtbe lasenghbodk permed opRIPEEsSPInc] udes
| aser shoc}g ‘Eetrarg‘ni ng .a.,su % side of the blade with circular |aser spots.
FIG 6 is Hadsheaelds? iRKF- Zii agrammatic illustration of the second method
illustrated in FIG 5 through 3-3 in FIG 2. FIG 7 is a diagrammtic

per spect i Ve i1qW, ot dsH3EARL PR a ShrmndRR 111546 Kn BEARI1AGr ShdcR3bMg nRdam of

second stage blades with a thitd nethod for | aser shock peening a suction
side of tin&l6l adeouwght h3afrtbeblade irlKl€). 2spots. 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 a xial crpss-sectional.diagr tic
il us'? r at i%ﬁi-gflst%a]quqtﬂ'ensé??fﬁﬁme{hoaﬁﬁ?ﬁé kpeenpe the ﬁ—rfsg(ﬁgﬁeo 295
enl arged d| 1.C1Sd 1 j: "Nl t @t i cal
s ar Je ot h 3ESClasir hobk Hehhs 1P Wi AP HIEDRBE R hluifs 198 od

il lustrat egotsherein. FIG 11 is a diagranmatic side viewillustration of a
pattern of elliptical |aser spots wused in the first, second, and third
| aser sho peeni ng nmet hods_for the pressure si of the bl ade. F 12 is
a di agranfrﬁﬁigléﬁcféoaﬁsswwaﬂ dinerammahe GRsielon oleths srond Wielhod ifylet spot s
~used int _ - f& 4 aser shock peening nethods for the suction
si de of tE’ZFﬁE'Icggﬁei?@%Sg%gEr uary 2005 FIG 13 is a diagrammatic side view
il}ustration of an alternative pattern of linearly offset elliptical |aser
spot's usedlGn7 isediagsematiopdsppetn: vigwallosigtian ofithiset shpck peenng alpadisgge of a
' the bl ade eldge}) s%cgllf sStang! é)]laHesst\Em (z:ixc‘tihilré‘| m'?:lth%d i%}flaser 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 FI1G. 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

p—y

_ 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 14 is a perspective viewillustration of first stage bal%e&’&ar?/%o?%e
exenplary aircraft gas turbine engine BLISK being | aser shock peened in a
| aser shock peening system FIG 15 is a diagrammtic side view ‘
illustration of a pattern of elliptical |aser spots wused in the |aser
shock peeRiGgl Akoadiagranmdatid bie exdve iltlisthrgtibre afl en gltegévepatters iof Jincadynge
blade in the BLISK jllustrated . in FIG 1, FIG 16 is a di amat j.c si de
vi ew i | | usfrettellniicak lagersrptsaisad & theilpgenisheck preameioes? Tﬂﬁ@%[}' PN | aser

shock peenj. I e agi adql i adi ng edge of a first stage
ol ads Lo PR AR8IR, b R F1BRE 1 B O BTl O 11 Lusty at ed

in FIG | is a bladed rotor section 8 having an axis of rotation 9 which
coi nci desFug .t i3 agrpdpectivendewfillishatiengl fist afapeibladeseinphe € eenblbry arvrafl
integrally bladed disk &I}B{I&I SK) 10 having axially spaced apart

ci r cunf er 2attHENING enains BLEdbang lasesdoghoriansd 1%!38?@55@&??%%@8’(6&150
referred to as first and second stages) of conpressor blades 108. An

annul ar S}Qﬁ?%ls%% aﬁé}a%%qg?gﬁéé@ggiek\hﬂlu%gg@ri:}éi; Q?:hﬁ&ﬁf}}f él?ﬁ&%ﬂ%a%&aéﬁotg orward

and aft rows a |'ades e purposes of thi's patent,

t he BLI SKuscliGn itlse Tag@1sBS@bethingal@fg 4 pidedivalxtendhigddating edgerofel fmvestage and t he
bl ades 108 are representative of blades which extend radially outward from
t he BLI SKblade inTthe BLESK Jlustratedin f¥¢rhted in FIGS. 1, 5, and 7 nounted in a

fixture 15 which is attached to a six-axis conputer nunerically controlled

(CNC)  mangpul gt Qr, & aléjﬂftg%g?%%%ﬁ?]%stm@igg o}f% ; ein 8F cRcl185 BherSHREK

. peeni ng apparatus and Sys is il ated nmore particularly in
FllJ)G 14. Jsae ih Mestater @RodkSpeapiplialcaip| ratiially ek ehdingdeeng edpewdianfiysf stage and
tdr bi ne bl ades as_well| as conpressor blades. Referring to FIGS. 2 and 3,
each conprledsiarthe BARK 1bstmed imAlGikfoil 34 extending in the chordw se
direction between a | eading edge LE and a trailing edge TE of the 8 3

February 389%&]?325%%%1’@15@”(1 CB of the airfoil 34 is the line between

t he | eadi'ng i'ng edge TE at each cross-section of the blade as
illustrated in FIG 3. Pressure and suction sides 46 and 48, respectively,
of the ailtiigrdteB4n FXEehds hetlndedrotdresekbad Brigveggan azindftottionry whddes LE

o o ol PR 5 ot Lo B S AT a0 o
disk (BLISK) 10 having axially spaced apart circumferential forward and aft rows 12
and 14, respectively, (also referred 1o as first and second stages) of compressor blades
108. An annular space 13 extends between the axially adjacent spaced apart forward
andl 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 radiaily 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




side of the airfoil. The blade 108 has a | eadi ng edge'secti%#ﬁ%ﬁ@?%ggs
extends along the |l eading edge LE of the airfoil 34 frorn a base 36 of the
airfoil to atip 38 of the airfoil. The | eading edge section 50 has a

wi dth Wsuch that the | eading edge section 50 enconpasses Dicks and tears
that may Qucfoil. ad chordt@H dfeheliairfpibdés tie linedeavednothe 18wlingThE aadrtfagling 34

qener at cd BlEct e Wicatls crosscrppach 5 Wans Ay LGRS BERLL o "CTHE 81 f or

ge.n_era e f - f a I P ! ‘on. € ol

34 1's al So.HB) Gks &@?ﬁm@ggpgﬁmg%ﬂ}fémoﬂ AUty BBANRS (RPRE@h) lfband the
e as hrgh cydle tat

ni cks and tears oper a I'gue stress risers producing

- addi ti onal arglttk8Esg edre IR 4Rt TBRS tiee sivfiodl. tTherpreskorecsidend@ fackain thegehanl ure of
portions of the bl ade al ong possible crack lines that can_ . devel op and
emanat e f ré&Factiple of reteior agi ndieated by arrewsY agdhesucsion side #8,1s p thshs) ary
enbodinentédgf‘hhgihgyention illustrated herein, a |aser shock peened patch
145 is pléce al'ong a portion of the |eading edge LE where the incipient
nicks and tears may cause a failure of the blade due to high cycle

fatigue. |Thd¥lederegidsal leadingedis®btion 50 it paksds ddifp Gt eadiis: eddild ofy
inwardly fromthe tip 38 a portion LI of a length L of the Ieadig&edge
LE. The prtbesgifodl 34 fremusbaned 6 ¢fche airfaibie x1ip 8848 thagisfofr cdedeading gdee and

suction side.su ces 5 n r i vel it hi SEl: K
peencd pacerr oG i Mt BF REA e R aeloh B o B pa RS TR
present i N¥AYIHa0hayRceor SbhiLHee6hdimgbdiRSofRe Rigfoilmg. dERPaicfollBambjceeto
residual stresses inparted ¥dthe | aser shock peening éLSP nmet hod of the

i

present i nvegnifioantdsnssiedstnesifield dpei taveentrifyedlforees ghreerpied dyiine biadgel 8nd t he
suction side,.surfaces 54 and 55 en .t are laser shogk ..pee he

ot e 51 1 esdRAPRAN TR EPRe PRTHLT: LB Oy 6 ey eep R B PR EGds ng
edge sectig@fAnPQnbuk JpRYatRNIMHAIAhanANE dndec@Ridpetutd 8NGidh &ycd fitizae lsgagdi ng
edge LE or |ongér portion thereof if so desired. 9 3 February 2005

Il | ust r at egeisprédueBig additionabstress conrentationsmptumdythembodi ment of a first

met hod, of the invention, for |aser shock peening the |eading edge LE or

TG L e e e QT T T
| eadi ng edgesiop En@bmbhfe RIm@dnicRMadP1eafs 4theast 696BT 65 %8Nin hadasnplag and is
appli cabl ?:mtbgditmhe?ltst L? It]leI ga%est?o%eisi]uzgatgg ﬁe?gn,ag t]asrei9 \Q{}c}c?( ]?gened patch 145 is

placed along a portion of the leading edge LE where thé 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 .1 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.




the bl ades 108. The nethod includes sinul taneously |aser sﬁ%ﬁﬁnﬁgé%P%% t he

pressure and suction side surfaces 54 and 55 within the | aser shock peened
patch 145 along one of the |eading and trailing edges LE and TE of the
bl ade 108 with circular cross-section first_and second |aser beans 102 and
104 r espedlusireieg infRIESnY, 2.leed|bisan exgepiasy smbadimaens of aiirstgnethadgifdie 110

with respect to the pressure and suctipen sid sur.faces. 5 5 as to
Form it fieatimda e Taseredfr TGt Ehe B L 20 E50ng f0TRORE, e
surfaces, (QVRIhAPRhHGc MUREQ0B hoigit& b RirbRlelhaR §lud AR asSAOBLISR, and
firing thé |aser bearns with sufficient energy to forna regi ons having

conpr essi The mabodunilstmedss thepeadinmledges tife of the fosyasd kopebhiohdghe

h e Sy Sl B Av0 i e B B R e ¥ e
the elli métﬁéqesﬁbé.p%ﬂ LRSRSd &ER]:'dEs Qﬂm%ﬁeofu@yms%?s}é&l Jefnﬁ[gQH% %ﬂebéﬁ?@ r

I
passes of the tirst ang second | aser beans 102 an 4 over e pressure
and suct i emd sictien side sadass 54 aadd554this thehatdnahodvseyedpitelr 143 klopg boal

shaped | aser_ spot 60 is |aser shock peened in the sane ass., This is
i |1 ustrat 8 thé Ieadme jand rplingi edges net etnd dibi @) thenbisds 1‘2‘%&1“%;98?%13%0

formed | 8@3—&!&13]& i‘r?ﬁsa%dtss]ecgﬂp]cﬁtsg}:tg%h‘lsi 2 G ]@b%ﬁgctiv% ; rﬁrﬁlgq}lé 14, T or med

in a second pass are so in by “appropriate and’correspondi ng

nuneral s banishet FIfES. oflapk afgléshel elith pipanlto shapeeksimsard sypuivs Hd: have
- major axis 64 extending away fromthe |leading or trailing edges LE and TE
over the priseustard §o samg tedewn shirtrashapsd egsre othan g PreFvFs #d he

l a};er Sho&u‘étiﬁ%%ﬁil%dsu%ggsh O%ﬁlga]il%)ﬁlgv%% J%‘E'e%Y?ﬁiglhgwﬁgﬁhﬁégf ]agglé sf‘ﬁedgs 8o TRiFL

particul af e ment of 't ron, T |'aser spots

60 for megrhd thd @askid bedmPasth Giffierar kagrgadb Aoant regionk shaviirgnesnpressivee second
pass 62 by about 50% wth respect to their mnor axes 66 as illustrated in

FIG | | iepideal stressesiimmartedbystheeser shodkypesoime erending inlgsibe tyist 10% or ned
in the sa ss _are clpse.to ch. other and may touch but substantially
do not ov@?’?]g%fpr‘?ﬁsgreeﬁ"fcfsﬁjtclngafﬁgﬁ%rg%cgg'l aser spots 10 3 February 2005 60
extend in fi-ont or over the |eading edge LE (or in back of or over the

trailing mdge exbmplarRednstbddiichOuE BN inveatiowedverlappinir &ljacent osecofithd aser
beans 102 and 104 and the pressure and suction_sides 46 apd 4f8 is effected
whi | e t hecllipticat shapssdasar spefsiGigare ffpmerd in different linear passes of the first and

second Jaser 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 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



Illustrated in FIG | | is an exanpl e of di mensi ons used | r%%ef?éu%gz%%?e of

"~ the first method is as follows. The elliptical shaped |aser spots 60 have

the major axis 64 equal to 11.9 rnm the mnor axis 66 equal to 4 nm and
- they extend a first distance 70 _equal to 6.4 rn fromthe |§adl ng or

trailing é@@é@“@ElﬁﬁﬂtmEﬁﬁﬁgﬁ’FﬁED%P@%%hEéOT%Uﬁﬁkﬁﬁﬂrgﬂﬁﬂh%ﬁag?@ &98%r f aces
54 and 55 t ance 71
equal to E@ liyenﬁg\}g(5\"1-“ron 56§Q§§§}Bﬁhﬁﬁfgﬁﬁ%%%négggﬁﬁgi f?fgﬁg?ogkﬁqptlcal
shaped | agrrpregeicsailsaive siiREebpalnssisicetedtwig]d Mt aisebbims andf bdilge naj or
axis 64 and the mnor axis 66. The centerpoints 72 of the elliptical shaped
| aser spoftﬁ=d 60 formed in the first pass 61 or the second pass 62 are a U
m nor axis apart which is a third distance 74 equal to 4 mm The

cent er poi U%TZ%‘? glfl gg@ é l l I telfce%ﬁlgleré}acﬁoselslﬁse{lseddlﬂoén%t%gm P JF e' frsl he

first pas n-ne econ pass 62 a
fourth di glepads & BAGRE. t’FheZel &l sﬁ&}%ﬂ%séﬂ?o@ G hadXihe rﬁéﬁviaﬂisn@ t he
50% over| ap di scussed above. Illustrated in FIGS. 5, 6, and 12 is an

exenpl ar yegwbtedl In@nm,dhe misgesibheguabe ©mm,and theyeatand griirsbdistanessfO shock

th t | th t
gl ne bl SEb 5108 MBS oh e froink B e En HePS B TR MY s The
met hod i sgjjtd éﬂ!ﬁ:idc%@@'xd%%rf&&@ sk %MSB%%’QQ& 1hder ShodkRedh i piadt1 40imdl2 of

the conpressor blades 108 and is applicable to the trailing edges TE of the
aft row lskcomt dishecd7ddemall ©85.3 Thm mefondomevdidie |1¢1idin£d€@€sﬂﬁulz‘ﬂélﬂeﬁ)usl y

| h th d t
e o ST A e S 0 TG e i
trailing ﬁ%@@aﬁtﬁh@%ngﬁaﬂg 65*@%9'0@6*@1})1)4 s%bbtﬁe}'@’h tlcﬁl SHapbdaser section

first and second I aser beans 102 and The first |aser beam 02 is
fired at (i(hﬁmhedstt}mtﬂimtmmes éﬂ\g:lrehd setOndvpads &Zea;pacfulltxmnohemplapmmhsi de

surface 54 s to he el liptical shape er 60 t he
pr esaur e lg?a@r%&sf%%tﬁ 15 4 G e Geme g2 obibe UG EaRed fis Suct i on
si de surf & L9k 1thé eR %éd‘irPtHeQ;r B I cul ar
shaped | s?gfr% og%%)?ﬁs]e on trﬁ%dsssgé?é(r)né%l d%agzg’?hgg]e The " 3 ngruary 2005
| aser begrans 62amelofiith elistantet Moeqmial 0P enpassE¥o i che mma:tr zemapl;ovuilhgrthe

i pti haped | aser, spot 60 and every other circul ar shaped | aser

el liptical
spots 80%@%@?@%6@ ag@}é?\ed in the sane pass. The | aser beans are
fired with sufficient energy to formregi ons 56

Itustrated in FIGS. 5, 6, and 12 is an exemplary embodiment of a second method of
the invention for-laser 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
s 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



(see FIG 3) having cornpressive residual stresses inparted3B@"?ﬂgng%er
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 nmethod is substantially the sanme as
t hose il | udaseabeans are fited i tvat ometoho gdasses kudt that every wtlier @lliggkal shaped
exenpl ary enbodi nrent of a second d of the i% entjon for_|aser, .shock

th
peeni ng t héACEsRAt R BdRyenEotBer SRl s anedrlgseg gps PR 4% lsfeshogh RemsfiNne
i bl t terdef LIS T . . Th
cedond et i eE pRICTREIRY RabRifE SeE TRl subticit! hlelo BB peeibls 5. The

12 of the (eeMGesphavibg asiapreddd avdublssuepiek inphi@l byothehaset slaickipegniagges TE
of the aft row 14 of the blades 108. The secaond nethaod incl udes
si mul t aneo@stepdingdate bR ddadepkBnireny the respure sad rucignyside svitenss SAARAsYy f aces

d it hi I hock h . ; f di
22 200 WL B Bl RSS2

cross- sect iORbk@AAEAII BB Bme 1H@10bd Nwktrdtasd &ir the A #dthods fired at the first
oblique angle I 10 with respect to the pressure side surface 54 so as to

formthe  elliptical shaped | aser spots 60 on thgﬁpr essure side surface.
The secondlustretedbisailG102 issarf iexerpiaty embodientod i geonst iethed 96 the a

‘sub ially ri | 12 B ' 80
on the suctSrieP B 1807 eledd Berhibafihe dapl iR £ SY Rl SRR Sled FEUr BRO' ©
passes suc gast Ripbind ¢hAae Madeh 998 Fhouni®l & hirbidr GHm& IM@tratedSRr the BUISK. 60

overlap and adj acent ones of the circular shaped | aser spots 80 overl ap.
The first Thasccond orthddis elusyeeddonhe leadingiaigea kB of ithesterwardowdZrefdhent

to f i FI.G,,3 i i id
ctresses i iapeRa biRoendof bl P S U Pas BERG TGO T SRR B gfie 108
fromthe pesgaies 1880 THEClLON Mtied ShAEeImatanc0sly Imer IRklckhinkithal

shaped | aser spots 60 on the pressure side surfaces in the second nethod
i s subst anpriesdury anchsucgiansidessurfacssed4 ardust wathiuthe daser Blrockipesnednpatelodids

[l trat i FI G 2 di i d t.h f th
b ool e O oe 1 ahe 18RS ap MRy oS 1 RO HATE bR S OB ER I, (e
ci rcul ar shaped ér@&ef%]ecti@]ﬁ’%s%r BRahiave eIkt eiser PhaBaL® ist Bred AMMRNErst adi |

86 equal to 4 mm The circular 12 3 February 2005 shaped |aser spots 80
extend a folfliguedinglcamt@ v8igh eeppedt toothe. presmrawsly Surfone SHeso hedaliforgn dhe

trailing eg]qgt?call'ghe%)% l-elx_sEergggtrs hoeh t léCptrie.sosgressii & sur e{cfe.a “fe s5egon. }ag&iar éarﬁ]e | aser
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
4} 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 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



shock peened patch 145 and a sixth distance 90 equal to l.gliﬁ:bﬁu% 2 950nt or
over the |eading edge LE. The circul ar shaped | aser spots 80 are forned in
the first pass 61 or the second pass 62 along with correspondi ng ones of
~the elliptical shaped |aser spots 60. 'ne circular shaped | aser spots 80
f onned i shdfed laser spoisad® eSkndrd fifthedisiancuBarequahtopéd inas ewaypfoers 8O f or ned

in the secqond pass,. 62 overla jacent spots 80 b sevent.h.djstance 92
equal to?‘?‘dmgrf)rd@ﬂﬂ?ﬁ%‘%?s M’}daa.g# io"%ﬁ‘e Isﬁ?tlfgltﬁ"g"t %éfaf’ﬁg éf l‘%i.h"Vtheé?Seénd 9is
~an exenp i tRid o t [ j lqser shock
peeni ng %lﬁ(ged(l]geg;d?l @8&9%&@&%{%9]%?%% Bgldtgg él'llETmc{)E H?}lr?qewogggerttﬁ‘?bi ne

engi ne bladeg 18 LED Meadrontarah#piddasee kpote 80 ard fonstd af the fast pdse6Bbt SK  t hat
adj oin or border the annul ar space 13, This incudes.the trailing edges TE

of the Bleageendiprssior dong Wohwareshoadingongs @ theee Rt shpnsddassr EROT t he
bl ades 108 i\ t ft . [ Soil fo5 tF di
cdges LE0r ThectlioaPhspapdinla’e mhi sT R MR iniink S SiesSlef ol cBRplaf L1 oy

14 of thehdkadasr 1pds SOhefREhAdhE NebsrdiepasssaMbvdrRipesdjadeyt lspsierstsbpck
peeni ng the %ressure and suction side surfaces 54 and 55 wthin the |aser

shock pessventihphstence P23qupldng wmeorot0% péthesadii 8y and trailing edges LE and
TE of the blade 108 with the first and second | aser beans 102 and 104,

firin9. RBREEH FRS 2AC9NS o835 BRIy BbrBubichit SRl AyRaRadiaRe | 10

with res pressure Ide surfaces at a

second ofhvkgius RAGser dHAkWdehingtBe Peding! @gk!eE axihe tafiliiptadd VB A tho as to
formelliptical shaped | aser spots 60 angled at a conplinent arg ang] c 115

(90 degr gassturhingsngine bladen A8 aphingreomagoty dlamant dllusieagidngs the on the
pressure,and..sucti.on, side surfaces. ,,ne,laser.h re fi ) to

Por m oveP RGP aarE ff SR GR 13" apisTRR I TAE il sbEfEdi B 60 and
‘Wi th suflhdesi 198tin GREOYari Qoo ardatt PRiNRAMLE0LE ofHcas Sdesd 0BG skl

stresses inparted by the |aser shock peening extending into the blade 108
f r om t heropr b4 sTihe metiepdsia dilustratesi foe theslgading sdgesTiHe of theetorwatgdnovalZohingl ed at

th d obli le 114 wit to, .th is_of tian 9 t
cllear ¢ e epppisasae s S0P dnalé afatFient Bedto ey Bls BlenlRLBELA% o' P,
the eXGf@?}Eﬁftﬂn&Hﬁ??&S@?@E&k%% had pless@éamli anpidipsiadisageds 3anes ¥ the

el liptical shaped |aser spots 60 is formed in different |inear passes of
t he | asewithiaahe lase3si®ckaisenetd pateln085 abwgronehef the deslingeanthtadimgtddges si des 46

and 48 SL% Qn(} Jilﬁtoftt éa bI%ldtle i] 8§ Iw%t%l thg %ﬁea%dls%goenla ]g&g%csaams 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

7 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 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 methed 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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60 in each pass do Dot overlap as illustrated in FIG | | g’n%eb&aq%o%sed

above. "Me elliptical shaped | aser spots 60 forned in a first pass 61 and
the elliptical shaped | aser spots 60 formed in a second pass 62 are so

i ndi cated by appropriate and corresponding nunerals in the FIGS. Each of

" the elli ptdiveniheginesyent amd§e¢t1<m|cmﬂes 46GnH #8esuomjhat thaelliptis4l sha]mdeltashrrsgomway

fromthe | eading,or trailin ges.. LE an res e si and
Sucti on sitiomstith deet 98 2oh At fg s TRFFRERE FiGel éﬂ@éﬁ o¥Gt dfe135 and
transver of t

ol tornat ool ALE LS sy e TR AR 2k fﬂeaf%dr‘“@@f“ 2‘33"??‘2 R st i ng

the | eadi ngoted@doirkedin 4 seeord pst 62 greesdgeditiied by approgeasietand bormespoadigpne
bl ades 108 mounted_ on the rotor element illustrated as the BLI SK that

?d join orupttHem hedIGRNHagh of hacdintival shapedriseioorssOl havgaraigt ®HS fbr t he
ol | ool RO ey A TR IrMhins Plach 13: ERTRETOROIMCRRNEP. SHE 305 '°

The fourt hndeubgsh mﬂelsude&s 54 and t5anenkis| thellasershdlo pkerpagnitdlg 14hendr essur e
and suction side surfaces 54 and 55 wthin the |aser shock peened patch
145 al ong gneveste ipmer £88lPng and trailing edges LE and TE of the blade 108
-wth the first and second circul ar cross-section | aser beans 102 and 104.
The first j t fir I th
fespect & FREDSPERR HheiRinlibef Blarldifin Sinibg BURARA firkihent 1 1,

with respgdbser @hddkepeifing thé 1cadingled@d L8 dah@faillipgleapdTERS thé bitukiat shaped
| aser spots 60 angled at a corzgl i mentary an le 115 (90 degrees mnus the
I

'S %ond obFERgZie blades b@S ﬂlﬁ’un‘lﬁﬁém adotay clsaget ilmstpted 198 ﬂpﬁr BERY ¢hagjadioig ur f ace.

“¥The sec S red., a c S at a
substanti g‘f]ﬁyrd%.%‘ annngﬁ Afliﬁ ﬁ:’f %e}}ﬁ%t]s ’Q tﬁ“‘gdtfor fe gggéeasﬁﬁpfgge S0 as
to form cihecfahrirdsiaped dfaie cofiphdssorSbladet 108 afdied k lcﬁbréeto thertAligg A :

variation of the first through fourth methods is illustrated for the
ellipti capdg@ﬁaBEdof thes eft §p’bt1§ 66 the Wedss 1088.whiThé ﬁogﬁhsr@qthﬂﬁemcmdes bl ade
108 is an iented such that a.lin Iat

ﬂ erW| ar errent
botwsen (R a8 SR Bick HenFh B preileiRnlied PEGR R DY P
are |i neawhumomateﬂ@s‘er fsmmn Pdentd pRah 15 alldnet ot thedBadin@hfd Lr@ilingeedggadi Ny

. edge LE of the blade. 14 3 February 2005
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
Jaser 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
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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The second and third nethods that use elliptical and circuf%?dgwgﬁggo?aser
spots on. the pressure and suction side surfaces, respectively, ideally
shoul d use spot dinensions and | aser beam powers that bal ance the | aser
beam fl uencies fromside to side on the sinultaneously fornmed elliptical

and cir cul@e sshaplethd BFe mapaisshausvelliptias andssichlae shapéttusghspord on thee r ow
of either the elliptical shaped | aser spots 60 or circular shaped, |aser
spots 80 onessurerandfsuctian sidesuifegess refpeeingl s ddeallyshopldeussuspoh dEBENSIONSNG 55

have been discussed, two,..three [ xially.overl i.nQ: {.0 y be
uaed. P rapd ISELRERAPOLRE: i Tfbiss s HRHEN Bl o 3R Qe gpu®
respect i velyuli@botdhefdlet Rilipgtk] andRaRelr binped 1:88040tHR vlas figsiblel cul ar
shaped | aser spots 80 are illustrated in FIGS. 15 and 16, respectively.

The axially overlapping rows of |aser spots should be forned in different
sequences Tabugh nelyronsaouveef eitheh theeslliptivad shapeddaser ispes 68| dirstlapshapsdn

Therefgre, th | Bt h iLlustrated in,FlGS d 16
noe T our Tesgrieiie 80 Onedarl oTHR Biogs Sar eRY Subih out Srdieb JashiRs hrennd o0
respecti vekyn disBudsedCiwo, SHREKoPaRIe raﬁﬁll?rﬁxjeﬂﬁplhiﬁg ﬁ6w§ heskoeesesd mai,ch 145

with three overlapping rows of spots once suc at every other elliptical
shaped | asewndpatd Sirdaoetappimgenys diSBed 54,cindc L tarespérsively, o0& g eliptead 80 are

peaned | nobFPS GRGh L DR BE oD pRBEd e s S0t R G ELR BIERY ddoq 54
and 55 ar %Juf ?&,%&%ix‘/\ﬁ#hm%xﬁh& A HaRAlAD ML SRS SRANEDE EStmedhf

axially adjacent ‘rows in one exanple overlap by 50% w th respect to the
n? or axi diffefenttdequelddes pifi Godar ypasteapeith | meserablgtioe scamtingh ppBsh hetweenespect
te the radius of the circular shaped . |aser spots. ustra in.FIG 14
is the | a8®iNeRtssc DB ?ﬁené'eéﬁE‘Qngﬁg’eQW S%@’?{“%Pﬁdllﬁf Ibgr f’% 3’%%?8' us, fpue
peening t. r YL I8N anld] RYEredfiR1ivSlyMRURMegd 1 N
the fixt u%%uigﬁm%ﬁﬂgﬁgﬁgﬁg%F%%ﬁg ’gﬁ(-’ ax?’sa conputee}?&nlungri cally

cont r ol | eshock Gseh nieeneptirledtger shadk p&ined aech bES withi threei dvedsppiag edws eft he

exenpl ary enbodi nrent _are conventignal X, Y, and Z translational axes
| abel | ed” spotsyonse puchdiat eyeyyothey ?Iﬁﬁtlchlséapeﬂ aé?fdsﬁ%r?@e Q}"n%l‘fe%,oal?,r and C

_rotati Onamg%ﬁﬁh%e‘?@?ﬁ% Sﬁ’ar@ﬁg?gho&gé%%% iy meﬁam%yassoffnd"WeﬁQpﬁﬁg vel |

known in “mani pul at or noves and positions the bl ades
108. The foxsedre et khpde peagdsy stiffanciOiequascaa. Tlonpessuronad sheser sideam
generator 131 with an oscillator, .a re-i'irr,plifi er,. a beam 15
' surfaces 54 and 55 are recoated with the ablative coating between sequences. The
axiaﬁy 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.

Tllustrated 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 controlied
{CNC) manipulator 127. Six axes of motion illustrated in the exemplary embodimént
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

15



3 February 2005 splitier which feeds the pre-anplified Iaserbgéaﬁe o two
.beam optical transm ssion: circuits each having a first and second
anplifier, and optics 135 which include optical elenents that transmt and
focus the first and Second | aser beam 102 and 104 on the coated surfaces
of the bl adeplit@8 whiRgf feeds Deipie alpsified SBeE Kee ane dwb eh@r dprchetrhmsassisthock
peened patch 145, the pressure and suction side surfaces 54 and 55 are
coat ed wi t hCiEgvitgsheh Weng:@)ﬁﬁt rqu sepond aglifisr, and optiesdkdswhieh trgdede epticak m

coated surf cIo te 5,674, 329 6 4, 328.
The coati ngg]%ﬁg@ﬁgg}eg %HS agfi i v%usn@ﬁlfpa %ﬁeﬁﬁg?"gb faser Rrap ﬁ%ﬂ?'ﬁlﬂ?lgb‘é 9 ear
cont ai nnentcdemamkﬁ?hhmyd@po@ clear fluid curtain such as a curtain of
flow ng water 121. Between passes along the sane row of the elliptical
shaped | aser spots 60, the pressure and suction side surfaces 54 and 55 are

recoated sBefare heingtlasareshogk aiem@ds tarforn| the ilaser sback pgerwdepatc}hé4§utﬁeace

bei ng | aser_shock The shock nduced ,dee (Y

r esi gual stFeseHs a'glfsélcﬁ?lbéfﬂgéﬂr ea&gaq@[wg?gye e r?é‘gltﬁ@“% nﬁ%ﬂtﬁ" first
and second 4sasfht Healfesitdane ?cgﬂ"p cERED s@acel Qllfkcloieﬁj%fl Q?gsﬁgtenlaNt)?W mils

Wi th respect to the coated pressure side and suction de surfaces 54 and
55 of the pre&kiittearsi &67462&nd“httwa8mgpmynﬂesmdeabl%wefm&dmn prefepaw,\ssw bl ade
108. Each of,.the |laser beans is fired through the curtai flowi ng water
121 suppl i eHY 12 iqﬁgﬂ?'ia’(ﬁ]ﬁ%ﬂm T Ich é'%’i’lly3 EF@I CFSF‘F‘\aleS“V\ﬂ‘ £ 8%eng
~ovater 121 dydaifyl MBS RESHatth €2 £O#BTe S u%{(@é\seé:long-r b ‘?ﬁé W o'fsthé"gffhﬂlﬁﬂ
generating plasma which results in sh waves on e surface o

qraferial . Ghiyed lamrapotveﬂ)ni'hee}unemuse amrhyucbmmmhdsﬁﬁweg)m ahdh &5sare framateds
sditabl e al terpat vestoag,alnt These coating materials include netallic
foil or adfig)that %F%éﬁ Al éﬁ’éa'é!é“tﬂ‘? eeatigg Qyer the epreaceginglaseysiock peepgdy 329
and 5,674,328. These shock waves are redirected towards the coated
surfaces byrhthgses Weh@l $holk ihdhRwl Qﬁeﬁ%ﬁ{pre’ls%jve 18si 9@&%&%3 arr@}{)%ddc&gjizﬁh()(:k
waves (pressure waves) in the mate ow t%e coat ed surfaces. e

anpl i tude zepdtitigelarfiringythofhigthpoeersfiust kndveondéiser beass 102 adé 04, el of

intensity of .conp SS|ve res The ablative coating is used to protect
the target wigh é%%ﬁaedaﬂré %ﬂﬁ%Wéﬁhafteépecbtoa@ﬁ&oawa@r%w&t%l%a%%ﬂqlﬁ@ is

~ used to prglechirfh& B@ragﬁt 5§Wfftﬂ8 @&Qrééﬁg 4@ HENHE as‘h@tlorplsﬁf%r@S offife! aser

beam shock 1 nduced deep conpressi e resi stresses In conpr essi ve
pre-str esse@npmmwhhdarIGSQEmdn af thy 1adep bearbOisfH6d KipGhgh iﬁelcﬂnﬁ’bwfdk)waﬁg

water 121 supplied by a conventional water nozzle 119. The curtain of flowing water

121 15 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 psed 1o 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 coating 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-siressed regions are generally about 50-150 KPSI (Kilo Pounds per
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16 3 February 2005 Square Inch) extending fromthe Iaser-s%lg)% ru%rgggg%

-surfaces to a depth of about 20-50 mls into the pre-stressed regions.
continuously The conpressor blade 108.is noved while the stationary high
power | aser beans are fired through the curtain of flowing water 121 on

t he coat edSqi%s Bichpeaasifg GoinoMe $dseeshoh peéned RoAkcan &e R aepth W hB&RZ0%H and 55
and form ng the spaced apart | aser shock peened spots. The novenment is

done i ncr emipindp the pradiretsed pregionst cerdiedonsdyati on  where one of the | aser
spots is to be formed. A controller 124 is used to nodul ate and control

he | _ k ' 101 ,t.Q £ i | b h d
Surtaces | TESERAERT BRaRARR ATV A Miie the s fras? REEbRTAR " R Bout by
the curt aifired fhroh P Wen@riant 6 Ackdhg wHig 10TRAAhERHSte@Prebiife B BRiopTsidde

present invention illustrated herein includes increnmentally noving the
bl ade and lpserishgck peeriedssirfasesa it amdt Hie aod fowingutht aspecadnabaria tsec elmackl aser

Ty be’ movEehSidsg Theomouthet Gl apEielard -t et eaeh Iop@Beam and
the surfaGendrsofid HEHE Sder séﬂo&sefs@@t)b Y&imed. A g(?rﬁroqﬁpimllﬁwg) @pgaltawﬁdb' ade

can be continuously nmoved while continuously or Increnmenta Iring the

| aser beanrootol the laseyathedk peediag eystomelfletd firasks 1shobkameeni thg watetthe fly
as disclosed. in.U S. Patent No. 756,965, entjtled " the Fly Laser
Pecni ng" . SWHIGES i hepriralleddnanssh ABele doap e tamishid QUSHEP SRR ¢ o be
preferred gRdwi ﬁg} fgy enmbodi ments of the present invention, other

nodi fications of the invention shall be apparent to those skilled in the
:ary fromthe teachings herein and, it is therefore, desired to be secured
M t he apgbadetodiraénteofathe rseibdd nbdhd pratitdnserdionfifihbtrated hbvdein fdvbudesope of .

the invention. ebr uary, 2005 M5 1. A method for | aser shock peening
| eadi ng oP’cf?’é?q?f?lg’gmgﬂ’é’és‘hﬁ2’?@36%%%%%&&%”&3% OIb&'&cfé’aF?étﬁr\’l"gﬂe %ga r ot or
el ement, - sdiatbnl RO RRITERS fiois STl HARPRHA Yod B36K, JHALE/PCRRIARY
pressure aﬁd gucti_on si de sur acses al ong one O¥C({ he S'e ges oe?’-e@heggrade
wi'th circhteanm naydesneedtinstpad juststo lang as edating: has@nert ®atvieen 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 to those skilled in the art from the teachings herein and, it is

therefore, desired to be secured in the appended claims all such modiﬁcati'ons as fall

within the scope of the invention.
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firing the |aser beam at an oblique angle with respect to t%%eb%arw%%%ss SO

as to form elliptical shaped | aser spots on the pressure side surface, and
over |l appi ng adjacent elliptical shaped |aser spots and firing the | aser
beans with sufficient energy to form regions having conpressive residual

~ stresses inparted by the | aser shock peening extending into the blade from
the surfaces. 2. A nethod for | ase¢LARMEK peening | eading or trailing edges
of gas turbine engine blades nmounted on a rotor elenment circunscribed
about an axis of rotation and having an annul ar space between adj acent

axi al | 13 PagfehodPBF lasbOSRK hedlify Motirnh MRy Glzesdrales iRy Ghgind he edges
bei ng | aser shock peened border The space, said Tethod™ conprising the

f ol | owi rbipdstmepsitedsonmautotarrebamisitysaldaaethod baajrigigeni ng 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 | aser heans respectively, firing
the | as@yiangeusyy lagerrshpek pespInggRiessiFfyingd shctien sids sudpces @Pqnﬁ@ng&rff% es so as

to form | e | S d at a second

ob i que “Ast £k FRte SRERAARESS SPRCRRPud R A hETBRAAEE 0 2 Shaie i s
sufficient to clear blades in the adjacent row of blades, and overl appi ng
adj acentfirilgl thptlaseRlbeshai et dBIRRE HpR! withiespett ionthet fiefab@SS as eddtm Wit h
sufficient energy to formregions having conpressive residual stresses

i npar t edliipjicalhehaped dases spetk quethsi prgssaxe Sidei suglacet and peerlsipang 4djenent he
surfaces,. 3. A nethod for |asef .shqc eening leading or traili edges of
gas. ur SliRboa R o aRes FhL FHEh Tonlaber Geg R MIAEient sheent Al

CONPri si fgmncd : i n LAg, pressure
o’ suctions fadng COPBALKNE adu ISR (LR RS BRI,

ci r cul arextehdiag irte thd indd frém tthedudfasecond | aser beans respectively, firing
the first | aser beam at an oblique angle with respect to the pressure side
surface so as to formelliptical shaped | aser spots on the pressure side
sur f ace 2 A mietgdt 196 laset sherkl pesangpleadingior dding adges robegas dudbine RERE r espect

to the tion side surface sq as to formcircular shaped | aser.spots on
the suctlgr SRubtedgrstio s sHephihgoiu Ghuft LRI v I 0e" aver
spot s anf JphhilaHsRce RARRE dBaRht SAMP spdced RB& IYSIard ahd df add gowdsr | aser
beams with sufficient energy to formregi ons having

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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conpressi ve residual stresses inparted by the |aser shock 6%%%?%%y399%nding
into the blade fromthe surfaces. 4. A nethod for |aser shock peening

| eading or trailing edges of gas turbine engine blades mounted on a rotor
el ement, said method conprising: simultaneously |aser shock peening
pressure and suction side surfaces along one of the edges of the bl ade
with ci rsinplianceysy sereshorl pedningpregsvee gk sistion silssubacarglongspecatithe| v,

firing the fitst, | aser,beamat an aobligue angle wth,respect t.o the

br esour gt B pipde Bl SRR Plon P R Refnd b A REESDed B0 ¢ e
pressure side surface, firing the second | aser beam at about a normal angle
Wi th regpagtithé brst MBesBiah AlnYbHgue Sidld RAR ré&Pedo ti: fredsiteClidcdirRte Shaped

| aser spots on the suction side surface, and overlappi ng adjacent

el | i pti calto Smpdldpticabshapephlass spotd onithapressnreshdpauiadcaser spots respectively
and firing the |laser beans with sufficient energy to formregi ons having
conpressive residual, stresses Lnparted hy the | aser shock peeni ng,extendi ng
Tt & ndinng 8 36 Tt dea T ALBE. & o el B oS fackie PRI 4

wher ei n L i A § : t ] ' t endi ng away
fromt hes"{e%%%ogrslgé gﬁ/—@rcntscﬂgapgﬁarp' a%%ér %ﬁ% @rtgﬁgl\%é@gw%sﬁgééeziﬁ and the
elliptical shaped | aser spots overlap by about 50% 6. A nethod as cl ai ned
i n cl ai vériagpdrgeiadjatde ¢lEptical sshapes]l dastengotsvard theuladgkaped 1Bs& Emits uary
2005 7. A nethod as clained in claim®6 wherein relative npvenent between
the | asdpspeeiiiely anthfringdhe lpserbeasnsi with sy opprgy do fhen regiens Wodid ar e

being fired. 8. A nethod as clai i | ai m. 7, wherei n_the.nov t is
Pinesr 8TRraSxe il S Pl ol Beitafy Mhior BEEPLbPBAR T o1 L ne
sur f aceg iR \HoAHAQ0ER&s] Y equal |y spaced apart linearly aligned
centerpoints. 9. A nethod for |aser shock peening | eading or trailing edges
of gas turbine engine blades nounted on a rotor elenent circunscribed
about ad. dxinmtleid footlater shodnpedning kading or drailing edgsp axfegas stmheenengineacent
axially aced apart for d and aft and rows. of Dbl ades, wherein the edges
bei ng |é?i%ﬁsgwaﬁt§3aaéﬁ@@fs Peab ST nehpdoeomBaising: et hod conpri sing the

'fpllomﬁng steps: sinultaneously | aser shock peening pressure and suction
side surfAGEReRsRMBs@WBoQ pddifhg pressure and suction side surfaces along one of the

. edges of the blade with circular 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 elliptical shaped laser spots and circular shaped laser spots
respectively and firing the laser beams with sufficient energy to form regions having
compressive residual stresses imparted by the laser shock peening extending into the

blade from the surfaces.

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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edges of the blades in one of the rows with circular cross-%%%’trﬁl%%z??srst
and second | aser beans respectively, firing the first | aser beamat a
first oblique angle with respect to the pressure side surface so as to
formelliptical shaped | aser spots on the pressure side surface and at a
second oblique angle with respect to the axis wherein the second oblique
“angl e i ¢ dumethef apclaimed 1 daim ¢ wAgesdn relativeenagyrset hetwiegmtherlagr Rga8s firing

the secaond first |ase e t ,about,a normal. angle with respect to the
suct s on B s *faer I8 et R, R It pRRCHEBYoRIRE ("her " opot s on the
suction side surface and at a second oblique angle with respect to the axis

wher ei n g Remegodnd clakled Gy eladn I WhérSinSUE nh@ieitht {sdifcheR arfdl #desst bhe t he
adj acent row of bl ades, and overl appi ng adjacent elliptical shaped | aser

spot s amdwfdfravadapveg laagepotseamnschiof ithe sufabechaving geverally aqoaliyspacedgi ons

havi ng conpr.essjve. resi dual stresses inparted by the |aser shock peening
ext endi ﬁggﬂif“éﬁr{ﬂ?@‘gﬁf"z‘a@t?@%‘mﬁ he surfaces. 10. A method as clainmed in any
one of the preceding clains, wherein the elliptical shaped |aser spots

have Majoors d@Rod®¥draic: REo@MVBYenidOMLiiRE GagRliANdIQNaf dhauind aggae and
transverse mnor axes and the ell1ptical shaped |laser Spots overTap by
about 5M®ade? raBnfedmmuarator2gieBentIcircumsenghddoaboat arc hxis wf dotatioraayd bmengf t he

precedi ng cl aj ns erein the | aser spots., extend over .the edge. 12. A
et hod 48 D ahe PGSR EHEI SaG T PRI endyrds Bnherst AT ve

DV enMentyladegt Wh&ein' e éc%%? bel@aBBeradidck HReddl HAEES theS st esdi@dniibd € the

| aser beans are being fired. 13. A nethod as clainmed’in claim12, wherein
t he novenmptising the folawingstepat | east one row of overl apping | aser spots on
edch of the surfaces have generally equally spaced apart linearly aligned

%g.rlltgr:{e B%k%g?%féégf?’lag%%%u [ e%?n%Spresli‘sﬁ‘rSeEa%dS suc%xon I531 !35 'éqlrl}‘%els a olrzig onléLo t eLADED

edges of the blades in one of the rows with circular cross-section first and second laser

beams respectively,

firing the first laser beam at a first oblique angle with respect to the pressure side surface
s0 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 obligue 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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A nmethod for |aser shock peening rotor blade (108) Ieading3éﬁanﬁg%? 9%9
edges (LE, TE) of gas turbine engine integrally bladed rotors and di sks
that are not bl ocked by other rows of blades. The nethod i ncl udes
continuously firing a stationary |aser beam (102), which repeatable pul ses
between rel atively constant periods, along at least a portion of [|eading
or trailing edges (LE, TE) of the blade (108), with the |laser beam (102)

ai red at,,an obhl,ique anagle.(l 10) w.th respect to a surf.ac f the edge such
that 1 ddom BeioldS Rl i and She s e PSR clodnd thrAdfs PestitorS 60y 11
the exenplafYbvefibediidrent of the invention, the elliptical shaped |aser
spots (60) have an overlap of about 50% and are on the order of 11.7 mn
by 4 min in diameter. Another nmethod is for |aser shock peening rotor

bl ade |l eading and trailing edges (LE, Tg} of gas turbine _engine integrally
bl aded rldt BrietBediasglaiedip ary apeofjhe presering claime Whersis reativsmriesent The
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repeat abl"e pul ses BetWeen relatlve y constant ‘periods, aFong at st a
portionpEd. | eading or trailing edges (LE, TE) of the blade (108), with the
| aser beam (102) conpoundly angl ed such that it is aimed at a first
oblique angle (I 10) with respect to a surface of the edge and at a second
obl i que i s about ich the rotor is
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