4 30+«July 2004 DUAL LASER SHOCK PEENI NG BACKGROUND OF THE | NVENTI ON Thi s
i'nvention is generally related to | aser shock peening and, nore

particularly, is related to a method and system for controlllﬁbmﬁﬁgw | aser
shock peening of an article. Gas turbine engines and, in particular,
aircraft gas turbine engines 5 rotors operate at high rotational speeds
that produce high tensile and vDbiAdt DAGERISHEOGK PEBNING Wi t hi n t he bl ade and
-make the fan bl ades susceptible to foreign object damage (FOD). Vi brations
may al so be caused by vane wakes and inlet pressure distortions as well as

ot her aer odynaBACKHGROONIDAF THE SNVENTIONSes ni cks and tears and hence
stress concentrations i n ead| n(tl and trailing edges of fan blade airfoils.
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Cycl e Fatigue fromvibratory stresses
to design and Bessigofenartiglyger | asting fan and conpressor bl ades, as wel |

as other hard nmetallic tter abl.e to resist both | ow and
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parts. Thé bel wiprs @pm@ratmgmm&tloﬁdtspmdsmlpmrake Qi ohsild-and Vitkhe

directed towar nt a |jcation_ Serial Nos. /993 194
pendi ng, enti tﬁ§8§ watﬁg; g? bEHSémd "ggﬁ dﬁbs‘l_SS‘?th@ ﬁogﬁerq_gg@bject damage

08/ 362, 362, " GFOD)e Vibyatios afay aﬂa%aﬁeaﬂmyn J/zﬂde%nd?ﬂﬁ@tlﬁg}g] wredisthtinns, NOW
abandoned and U. - 5,591,009, entitled "Lase ock T-I’ ened Gas

Tur bi ne Engi net® Vp%{ﬁasgtgeage@g@ggmc phenomene; ThisFOR causes Belse@d0d8s aretentd ed
"TFeehni que To diregy Edtlceddatibhy &1 feadth@ GHd i Jﬁ%ﬁ 3 570,
entitled "Distortion Gontrol For L%sertr%hluglf§ eene @a lE}l%'ll‘-ﬂ?'{i;l neCEh ks
Conpr essdf Bl A0 teaty becomethe spurgepfdrigh steess Borto@iratis oesttdst kisgts afid eaerelyShock

Peened ot or, CHRRIRATL e i SRRSO My OE T e s,

entitled "Adhesive Tape Covered Las
No. 5,674,328, entitled Thosyit Rahighlgadesirgtde kadaignShaicéonReedniltgger 1atihg ¢

Brroi of a ra ekl PR RS R S T TETlibie GugRoRelT by
conpressi ve r essistiumith fdw asd Bighi oypRIfafghebdhd that can arrest cracks better than present
15 day parts. The below referenced U.S. Patent Applications or U.S. Patents are directed

towards this end: U. S. patent application Serial Nos. 08/993,194, pending, entitled

“Laser Shoc’™* Peening Using Low Energy Laser”; 08/362,362, “On The Fly Laser

Shock Peening”, filed December 22, 1994, now abandoned; and U. S. Pat. No.:

5,591,009, entitled “Laser Shock Peened Gas Turbine Enginer Fan Blade Edges”; U.

20 S. Patent No. 5,569,018, entitled “Technique To Prevent Or Divert Cracks™; 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

25 No. 5,674,328, entitled “Dry Tape Covered Laser Shock Peening”, all of which are

assigned to the present Assignee. They teach to provide an airfoil of a fan blade with

a continuous or volumetric region of deep compressive residual stresses imparted by

laser shock peening over at least an inwardly extending portion of laser shock peened

surfaces of an article, such as the fan blade. These regions are formed by multiple
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| aser shock peening over at |east an inwardly extending portion of |aser

shock peened surfaces of an article, such as the fan bl ade. These reglon
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Prior art teaches to use |arge ots & order o
peening has been utilized fo create a compressively stressed protection layer at the

20 outer surface of a workpiece which is known to considerably increase the resistance
of the workpiece to fatigi ¢ failure as disclosed in U.S. Pat. No. 4,937,421, entitled
"Laser Peening System and Method". Manufacturing costs of the laser shock peening
process is a great area of concern because startup and operational costs can‘be very
expensive. The "on the fly" laser shock peening process disclosed in 08/362,362,
25 above is designed to provide cost saving methods for laser shock peening as is the
present invention. Prior art teaches to use large laser spots, on the order of 1 ¢cm and
greater in diameter, and high powered lasers. Manufacturers are constantly seeking
methods to reduce the time, cost, and comblexity of such processes. A laser shock
peening method that uses a low power laser beam, on the order of 3-10 joules, with a
30 preferred range of 3-7 Joules and laser beam spots having a diameter of about 1 mm is
disclosed in co-pending U.S. patent application No, 08/993,194, entitled "Laser Shock

Peening Using Low Energy Laser" and this method is directed to reducing time, cost,
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greater in dianeter, and high powered | asers. Manufacturers are constantly
seeking nethods to reduce the tine, cost, and conplexity of such
processes. A |l aser shock peening nethod that uses a IOM/pome?OFaggF beam
on the order of 3-10 joules, with a 30 preferred range of 3-7 Joul es and

| aser beam spots having a dianeter of about | mmis disclosed in

co-pendi ng U. S. apaicembleafiplofqadet @ 9 It "lL.aser, Shock
-Peeni ng Usi ng Low E_ne?g}/nfaser"_ aﬁ% t ﬁegﬁlﬁmﬁgi‘}%a@é&%&% n{ (Iz)ie?@dtiffc eﬁ‘@“
tinme, cost, 2 4 teshnigyes imbeesulinia sschpeductions ofid Itadiis eallchk ppesent MgentbAcke
s an ever presgﬂgctﬁgsi re to design techniques that result in such
reductions and to this end the present invention is directed. As suggested

above, known prior art | adersuggmstedraboveclinwgupsonay taseb pbeiiy &ohshYes have
concer ned vgth E)Qe% %fezygé ! Si ﬁgtlhe | aser,. bea Egat struck the surface to be
peened at & desPgnarsty sEermed yithihe usepfa single lagerhegmdhat sruenthe sfencdedei n
| aser shock peeesned at £4d3i@aRA YosTHYn, 266 dbdighatdibingleh Redértla J/%c«?fin laser shocltc.

a ive

si mul t aneousl y struck q}r}lﬁg}ﬂ ually opposite surfaces so t e respec
shock waves cr e BERHEFCHIRIOBY \IRRY; TeAtiFihatthe prinle bpemmianceusly atudkhen mentky of

the opposite SUBHRRRS surfiRs bb fiAt tl?@}e%ﬁéctiw slﬁa& £alldurddeh t&' zlfeg % Lothe

same Assignee of the present inventioh and herein incorp Q{pipinging
ref erence. Manufaa¥t baamsgmeeteatothet ¢pnter chfathe | eppesitet ewrfacesueSee NP0 Se Paknt Ned

or devel aping Booa AT S8l AU UGS ikl 1901

t hat aIIowfor_accuréte y, relrably a [
| gser peening juropested Worelherse. Mariufactieinignablog tiio divg 1ot Rchfiqh R AN

ook peent g akoad doR R R ERITEEGR, Sihesrrmeel Hosot (N tegh, ta
technology. It allow fort dvetrattdsireRdULE ah@ iRGpaiifely onRARMY flcChya 3, chi[n?A;Jey
aser

position the article relative to the dual |aser beans so that eac
beam si nul t anedkfSf57Si mpi nges on a respective spot situated on either of the

Gi il t aneously Sty uck by the o | apero BRI b HFtAgs aibhitdhBea o,
mut ual |y opposi{e¥eloning apamangts for heongretling| @ duai lassr aheck gesiinghiceict oushe
abl e to determgechi aPlifble36C pBEHobRBnBE téclﬂﬁology. It is further desirable to be able
to accurately and quickly position the article relative to the dual laser beams so that
each laser beam simultaneously impinges on a respective spot situated on either of the
20 mutually opposite surfaces. Since he respective spots which are simultaneously
struck by the two laser beams lie oppusite one another on mutually opposite surfaces
of the article, it is also desirable to be able to determine the precise location of the
spots at which the beams must strike the article to achieve a desired surface coverage
and strong compressive residual stresses. As suggested above, it would also be
25 desirable tfo be able to determine the command strategy, e.g., NC commands, to be
programmed into the article-positioning device to three-dimensionally aligﬁ the

article to spatial locations that achieve the appropriate coverage.

BRIEF SUMMARY OF THE INVENTION
Generally speaking, the present invention fulfills the foregoing needs
30 by providing a method for dual laser shock peening an article. The mettiod allows

for defining a spot pattern comprising a plurality of spots on a first surface of the

3



spots at which the beans nust strike the article to achieve a desired
surface coverage and strong conpressive residual stresst. As su glegsted
above, it would also be 25 desirable to be able to deternine th&NcEMrand
strategy, e.g., NC commands, to be programmed into the article-positioning
device to three-dinmensionally align the article to spatial |ocations that

achi eve the apprtig itatle @mﬂagd‘heBRieEBdSW\éIl%sdeE deg%ﬂj‘?r ngl Eﬁ;@&g al ly

-speaking, the present in fulfills the foregoing n
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mat ched pair of ¢ &My @HW&?’PH{?%’P@E&&I"FMW BrtchraRlisRgfsdual | aser
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respective mat g]gﬂgioglr of ..spots. In anot her asp ect of the invention, the

f or egoi ng need p{q!{gi,mg p §ystem for dpa) I?ﬂebﬁh@krme@msystaetmlef oThelsystent aser
shock peemi Ng admprides shgot pAféin PERLE fo}%eﬁﬁﬂga'sﬁ&j)aa?ﬁ hpRSihb 8 R ARPEE " OF

for defining a spot ern cormnprisin
surface of t heSRﬂt& PR IaeﬁnSbSlﬁﬁacpeé'riéﬂ arﬁiﬂ@ tpae tpeeredgeier pattnm fgemdriitef furthef i nes

-spot patt er ng SR Q n a second surface of the
article to be peenééﬁdt%ﬁ&?%%ﬁ‘kmgg 2‘%%]?1 E%ﬁ%g@g S%CS%F‘I‘%’@ Hgﬁ’ﬁé‘m%
opposi te surf atoebe pearedt iThe fist and smﬂ@ﬁacﬁwdnkmfse drﬁ&@illyoﬁlﬁ)oﬁlfte El.gl?@[ces
respective spofg on the sec urface is to correspond to a
respective spo’f‘aja‘tlr]fc RSP TS e%ugl:fr,ué@g L RGN 0pg Fl %pﬁc%’lelﬁp%ﬁ 1, thef segpdt hed
pair of dpots. subfabaderartangdd & lomsspbd teenesspbitng hoelon BRSBE: R8AIR Lbat
are respectlveloy al i gned tlo sjmul taneoqus|y inpinge on each respective
mat ched pair ofoTgpIES2 P Wigplity of matched pair of spots. A laser unit allows for generating dual

laser beams that are respectively aligned to simultaneously impinge on each

respective matched pair of spots.

BRIEF DESCRIPTION OF THE DRAWINGS
20 The features and advantages of tl.e present invention will become
apparent from the following detailed description of the invention when read with the
accompanying drawings in which:
FIG. 1 is a perspective illustrative view of an exemplary article, i.e., an
aircraft gas turbine engine fan blade, that may be laser shock peened using the method
25 and system of the present invention;
FIG. 2 is a perspective illustrative view of another exemplary aircraft
gas turbine cngiile fan blade that may be laser shock peened using the method and
system of the present invention;

FIG. 3 is a cross sectional view through the fan blade taken along line
30 3--3 as illustrated in FIG. 2; '



BRI EF DESCRI PTI ON OF THE DRAW NGS The features and advant ages of the

present invention will becone apparent fromthe follow ng detail ed
description of the invention when read with the acconpanying M%s in
which: FIG 1 is a perspective illustrative view of an exenplary article,

I.e., an aircraft gas t [ enql ne fan bl ade, that be | aser shock

peened using the method gg?alpngq as;ﬂg‘fvec(r?ﬁagfol%taﬂé“ﬁm@é@’n?mpﬁéﬁm %W,%e methodpfi s a

“perspective il lthespresednt wereniienvhaf aticwd ﬂﬁrde&)ﬁﬂiﬂiﬂldgimé_ Bbitﬁ{r]la&ftthe %ﬁﬁs taygmcﬂe
eened using the nmethod an

engi ne fan bl ade t%at m?am be | aser .shock ﬁ _ _

system of the PFREGIE FANRSS Peams strike mytyally apposite suefaces iof el articlew behlaggh
the fan bl ade trdckipeadedng |ine 30 3--3 as illustrated in FIG 2; 4 30 July
2004 FIG 4 is a flow chart of an exenpl ary enbodi nent of the nethod of

the presert invention thBIG-al isewdowmhaddiestating figrthen details segantingéxehiptar pot s

The ar 1ol e oot Hagap gy 89HerBR ol taf Gudfoby BeactyERI e oo °

i | lustrating fpres¢mdinvgation;| s regardi ng exenplary spot patterns, e.g.,

over | apping spots, that - b ner,at.e .the nmethod of the present
invention: .FIG 6 is a fiow lgﬁgll%’fv qhaft ?S?'éfl?%ﬂeggt{?bgnspﬁpg ApRrgPIiafg surface

appropri at e sucéwaeage of theariddetotie shoek BEdripebiedi 0 be shock | aser peened;. 10
ils for controllably selecting

FIG 7 ilea flow chart t 7pr ovhdes det . ] )

the | evel*“of .overl appin S énflawjchert that psevides dataals for jcentoljsblynselacting of
an exenpl ary sgeflleRibt SVeRapiRd bdtePRjadBN@bat €d by the nethod of the
present invention; FIG 9 is an elevafional view of the article to be | aser

sffock peened 15 that i |FI(st& dt @splgeones rafcan exeshplaiyosptii prstetre thae @mayabe
mat ched pair oéeﬁgm‘%@b Be RO EE nrien ipgexﬂi'éﬁl | aser beans; FIG 10 is a
g al relati

r
perspective view illustrating geonetric onshi ps for
FIG. 9 is an elevational view of the article to be laser shock peened

15 that illustrates geometrical relationships between a matched pair of spots to be struck
by the dual laser beams;

FIG. 10 is a perspective view illustrating geometrical relatioﬁships for
controllably selecting the level of overlapping between adjacent spots;

FIG. 11 is a flowchart used to illustrate steps that allow for three-

20 dimensionally aligning the article relative to the dual laser bearns;

FIG. 12 is an elevational view of the article to e laser shock peened
that illustrates geometrical relationships for defining an article alignment vector, and
an article working plane;

FIG. 13 is an arrangement of exemplary dual laser beams that

25 illustrates geometrical relationships for defining a laser alignment vector, and a laser
working plane;

FIG. 14 is an elevational view that results from the combination of
FIGS. 12 and 13 upon three-dimensional alignment relative to one another;

FIG. 15 is a schematic perspective view of the blade of FIG. 1 coated

30 and mounted in a laser shock peening system for implementing the method of the

present invention; and



controllably selecting the | evel of overlappi ng between adjacent spots;

FIG 11 is a flowhart used to illustrate steps that allow for thre&; 20
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il lustrates geonetri cal ti.onshi for defining an article alignnent
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“exenpl ary dual sétagef Flgkdass that 25 illustrates geonetrical relationships
for defining a | aser alignnent vector, and a | aser working plane; FIG 14
Is an el evational view that results fromthe conbination of FIGS. 12 and

13 th - HETAIE} ' MW?E%P@I ne another; FIG 15 is a
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airfoil 34 5 de a-Titanium al |l oy extendi ng radially outwar roma
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hard nmetal |ic pelieedtholBicEbh ab eit@ﬁdin%ll'ﬂgall%h@;ﬂ@ ﬁmth%zétﬁmn% b AGaRhRp ENt
ade

i nvention was deve| oped for. The fan includes root section 40
extendi ng radi B Tl of the et eastion i@t Abhmratiallsoingardenidd7 of thd renesedtiend 37
of the rqggt segji i | | f OOt ,section
10 40 1 55 bi st aadftpBl el BEichatdnsdted WRE lafidtn 36 19 0 AR B8 4 The
shiank 44. The aigfpil Béiektesds mxhedindwise divectiohdetivien e leadingomizt QIE ddiavesling

| eadi ng edge |} N dge. TE, of -the airfoil. A chor of  the
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airfoil asd a byedd-alioWeand a suction side 48 is on the other side of the airfoil and a mean-line
ML is generally disposed midway between the two faces in the chordwise direction.

The fan blade 8 has a leading edge section 50 that extends along the
leading edge LE of the airfoil 34 from the blade platform 36 to the blade tip 38. The
leading edge section 50 includes a predetermined first width W1 such that ‘he leading

20 edge section 50 encompasses nicks 52 and tears that may occur along t.e leading
edge of the airfoil 34. The airfoil 34 may be subject to a significant tensile stress field
due to centrifugal forces generated by the fan blade 8 rotating during engine
operation. The airfoil 34 may also subject to vibrations generated during engine
operation and the nicks 52 and tears operate as high cycle fatigue stress risers

25 producing additional stress concentrations around them.

To counter fatigue failure of portions of the blade along possible crack
lines that can develop and emanate from inbipient cracks or microcracks, nicks, and
tears, mutually opposite first and second surfaces or sides of the article, such as the
suction side 46 and the pressure side 48, have a respective laser shock peened surface

30 area 54 with arrays 56 of pre-stressed volumetrically overlapping laser shock peened
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protrusi ons orfof AefiSind a '\t @t@ﬁlpccﬁlﬂjmf ' 254 K | r.ted by

t he dual _ | aser _shocrli@pegﬂiq)r?g (LSP) rren?ﬁaz%mgarlll E{Igj’t%n?lg% S?‘%Z‘&%?Ilgs%ﬁ)tﬁﬁe

i nventi od0 FI @rtiglesp@us? gomdayqy sutfaes rddtiventoe shenpiher ympimgingi keert beatn. t hes

met hod 100 of r tl | | for determni e .exact

| ocati on of th%ltgg%(t)étas%gg’atth E%?Q#‘f%é&%é%@%ﬁ?ﬁg‘dﬁgﬁfacﬁﬁé a"ﬁujé}ig(élgr ilWe the

gﬁ‘lt) dal | y oppostomprise nfubdly ogﬁosiﬂaesuﬁi%ezwmli\teaom? Iaﬁ@:gérf Fuewbkr, pedingd of iRP) -
ubsequent to r 1 ste oWs or. defining a spot pattern

conprising a pﬁ%hgaﬁnit_ﬁ%/g%f’ n‘gf)'gfa eé%’ﬁé“ﬁ‘?b{ CWFP%&demé‘frefﬂ’?@“‘%aﬁPPF pnthe sty | g

convex sur f acesurfabedoi aseo rakanp b PRirfgy wYmathed phie 8Mpol! eMiok @redlrch QB 116,07

defi ni ng spot p ern comprising a plurality of spots on_a second surface
of the 1(])gl art isiqpe?ltoé. Growg ancg&(}%‘até‘ﬂﬂfm fasFiat hepmst sespRvivebherligherbi tagi ng

| aser beam AsimSMGIaH! NSy eab B Beshdctist nﬁflﬁleéga?ﬂﬁsp%&(faces (e.g.,
pp

surfaces 46 and 48 (FlI ) conprise nutually osi'te surfaces relative

~to one another. Further Fl@atthosise v ehrat illypetiog durthen detgile mrnsestibassthi s

o {aned o, COuf SRR Bt RSB NE Yt IBE ST
step 114 allows for providing a spot pattern on the first surface which pattern is made

20 up of a plurality of overlapping spots. An example of such overlapping spot pattern is
shown in FIG. 8. Step 116 allows for selectively controlling the level of overlapping
between adjacent spots. As stated in block 118 and shown in FIG. 9, each matched
pair of spots is situated relative to one another so that a line extending normal to the
spot on the first surface (e.g., surface 48) intersects a line extending hormal relative to

25 the spot on the second surface (e.g., surféce 46). The intersection of the two normal
lines occurs at a point (e.g., point o) equidistant from each spot. The above described
geometry is best appreciated in FIG. 9, wherein laser beam paths Aa and Bb are
assumed to be co-planar, and it is further assumed that such paths are held in a fixed
position and at fixed angle while simultaneously striking a respective matched pair of

30 spots. Points a and b respectively correspond to the spot locations on the article
where the laser beams will strike the article surface. More particularly, points a and b

correspond to the respective centers of the spots situated on the respective mutually
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15 step 108 allows for generating dual |aser beans respectively aligned to
si mul t aneously i npi nge on each respective matched pair of spots. FlIG

shows a flow chart illustrating further details in connecti on> W94 he
spot pattern that may be generated by nethod 100. Subsequent to start step
112, step 114 allows for providing a spot pattern on the first surface

whi ch pat t er n ¢ppopeirisurfagespf tie agtige de bk iLSP. oThwy es klappi hgFRROL, She ARtageanpl e

~of such overlalgg'! ternh.s. . sho i n .El . Ste 16 _al | ows for

sel ectively contro iﬁ{r%te%]ﬂghlag\?gfmg? 5% e\ﬁ?g?)bsilﬂeé“%cﬁlgt?\%gﬁg‘ﬁ%fa@@ﬁb“sb‘éﬁ S.

As stated in blegmentla8 iapdrpehdivniar o BleGspad, ceBRE RnnBist BeEhcePMs bf aftidals i s
situated rel atj.ve to one anottg)er. SO tlgtﬁt a |linpe extending normal to the

spot on the fiyatlady,lineseementbo is perpeadignlardtp the,snot sekeroneserondesueheetiivhg

normal refati vgtiéile 545 the spot on the second surface (e.g., surface 46).
The intersection of the two nornal Ilines occurs at a point (e.g., point o)
equi di stant from each sgdb: 6The Bescharidbsicpionisds fiydmuletails iregandiag another

appr eci at e | el fimhe HORERHD 0038 BSALARLI B Auald FRAES R R, O

be co-pl anar, an t 1s-further assune suc fixed
position and aenplotey canyl the wirifices diatratet rroeivadsioybest $1. k Snlgsequent sp emitistep

mat ched pair ofy43 0} respectivel v correspond e
spot | ocat i ongzgha?lﬁgfgéltk?‘% %’phg\?lelrlégg) !lﬂl“galllt?;(sogrcu%@%lﬁﬁgl}/\ﬁ ‘f“rg‘?srq%ﬂ’@ E{Iﬁes&
article surfaaespebively pavdrsioglthe fiyst spefhowt $6 af @l alicled @Igl,eHB WdHvexOsriAge,
respective centers of the éﬁots sjituated on the respective nutually 7 30

July 2004 oppdEherally perpepdictliap toalgngifdinal axis fe.8e axigj80 (Flas10aef deenicle.n

FEG™ 9, the diSipsealldial iR Siedtinh s RPATRNbN BAWRES adjh Mt 5&9935{333% fofiger
i dentical to one another. Further, line_ segnent ao 1s perpendicular to the
spot center orhdn # desited cenferstosmnist spacingchesvesn, adjaspntispals [ajong| thebngibedimalt  bo

i s perpendi culagfs tMidrhE r@RALstdpe e 511(?93 Afcaiay i B cﬁqQSflélegrelectgd @%{ Lelg °4
es er In er

FIG 6 is a flowhart that provi urt etall's regar g an
enmbodi meht of beeragpdadieent rarvesndeteringshshe titwel péflspdti byertappinigedlopgi the of

spots conple : re requir.e o, be LSP.
Subsequent tothgggt}i ﬁ\é{f%%st Q‘T‘E%filégs‘?sgeg%f%gq’%?ﬁ%ﬁ%‘“%w%“da%i‘ﬁi Hg a plurality of
curves, such.as curves ¥EGi hshéva a ¥lhwchért ties pdioivs ot Yeléotiay ahé ileve] bhgpdki 1 st
surface 46 of th? arti onvex ‘iurface gener al

le, e.0..,, the | ly .
per pendi cul ar VY aé’pfr@néf’?%g?%%f‘é ggygalfyepgrp?n sular sothe dpegituding agis ofige
article. article (e.g., axis 62 in FIG. 10). Subsequent to start step 132, step 134 allows for
20 defining a plurality of points, such as points 66 in FIG. 10, along each of the
respective curves. The separation between adjacent points is selected to be no longer
than a desired center-to-center spacing between adjacent spots along the axis
generally perpendicular to longitudinal axis of the article. Prior to return step 138,
and as indicated in block 136, the selected separation between adjacent points
25 determines the level of spot overlapping along the axis generally perpendicular to the
longitudinal axis, and such point separation is represented by horizontal arrows 68 in

FIG. 10.

FIG. 11 shows a ﬂowchart' that allows for determining the NC
commands that are programmed into an article-positioning device to sequentially
30 move the article to be LSP to precise locations so as to achieve three-dimensional
alignment between the dual laser beams and each respective matched pair of spots.

Subsequent to start step 140, step 142 allows for defining an article alignment vector

8



Step«126 allows for selecting the separation between adjacent curves to be
no | onger than a desired center-to-center spacing between adj acent spots
along the longitudinal axis. Prior to return step 130, and a O JuydP¥at ed in
bl ock 128, the selected separation 15 between adjacent curves determ nes
the | evel of spot overlapping along the |ongitudinal axis, and is
represent ed by auéan agizle workingsplfn® alongFkKich IR, arfidlGalighnsdh®vectar i kRYEHA Tl hat

al | f lecting.the level of | | th '
General |y per pomStS CHERmamE VEFiEr P GRESr HEImEARE BRy Prdeniaed bl { eiigble
axi s 62 in Fl GColdputer-AiberDugst (G&Dﬁin%ﬂ&l ottafiitlel §2as iﬁh%?dé.é'd?’i% Oqul_ %ﬁBwa&’ﬁoof

defining a plu of points, .such as points 66 in g ea

rality I
the respecti vé??m% an of dimifaipn.ghlinsetegment betiyepndhe twoimick spet midteat ed
to be no Ipngepnd hRaRrd deGsddr €4 At ' n, adj acent
spots along the axis :ﬁ%qnera_tl I ycglg%@rl\%ti %ﬁi?ﬁﬁ)egﬁ%ﬁgs?ged? %ég}%gﬁ'é’ %qn(t:elrhe
article. PriorPpisteahighis squigistegsfrom pothtsas andibli 4 sewer T estendk frd@doirt Bso

sel ect ed separ at.i ' .nts 25 determ nes the. | evel of spot
ver | appi ng. al oy "REFEDE SoBRAERRYe BN Gamen B “Tohiutrioy: Vet dcp
axi s, and suchcemoprises skepantialel adignivent eqters ant peinkyya, hosridzattil alighmeNSyeBGy i N
FIG 10. FIG gb&go aﬂﬁlﬁlowchﬁrt hat allows for determ ning the NC
commands that are 1“8\/\3[?% 8§ WHEBE R ™ Gr t i cl e- posi tioning device to
sequenti aloly 30 nove theSmptisal gldws he dﬁﬁiﬁgOana@?iﬁignﬂneaawc@&Sarﬁpaqgs&o
achi eve three-di nensional alignnent between the dual |aser beans and each
respective mat ¥REAGBIARE Ypng phick the asgssaligmeent yestastinsituatpde Toidedine Sredmset 42
alskews for defj Rk | ' - Ve 8 I n
article worki ngl pl a#gqg?g%gmm%e?hé?%gﬁl i}g ee(’)g'fei %Sﬁlgrr]é%;é %ﬁ%?gél ?%ggs??%t ed.
The article atrapgewaet, geshown inddGald.i & ie furthrek assympt dired theaguad daseichdame dh

P e Y PR A,
segment Hét weenlignivent vestaar 4 lind egepot ppthathisccts the anpde gps s ckichddd tekéanate A
Cemter, 2oL Shl e B R, v i G0 A i BT B
so that vect ovectdd and thetazel workdigs plee is0ddfine@ by ABTERhmAR pldrd shied by dual |
il lustration, vector ri-ses the article alignnment vector, and points
a, b and arti c]ia%eri?F?‘B??géﬂﬁ%‘g‘? Taser alignment vector pr.
Step 146 allows for executing relative rotation between the article
20 working plane and the laser working plane to provide parallel alignment between the
article working plane and the laser working plane. Step 148 allows for executing
relative rotation between the article alignment vector and the laser alignment vector to -
provide parallel alignment between such vectors. Prior to return step 152, step 150,
which is reached through a connecting node A, allows for executing relative
25 translation motion between the article and the dual laser beams so that one of the laser
beams coincides with the center of the spot on the first surface of the article and the
other of the laser beams coincides with the center of the spot on the second surface to
be LSP. |
It will be appreciated by those skilled in the art, that traditional NC
30 control techniques would only require aligning the article alignment vector to a single
tool axis alignment vector. However, it will be further appreciated ‘that such

traditional technique would not work in a case that requires simultaneous control of a
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CD define the article working plane. 10 Step 144 allows for defining a
I'aser alignnment vector and a | aser working plane along which the | aser

ali gnment vector is situated. To define the |aser alignment JeEbF0%nd the
| aser working plane, we assune a fixed dual |aser beam arrangenent, as
shown in FIG 13. It is further assuned that the dual |aser beans A and B
intersect at a deablaseipbéam. pllatss, thik iowntién hesl resagheedihe nked @€ fdxBRitinPen
‘laser 15 align . vector | i ne segnment pr that bisects the angle qgps is

SRk et caPelye ARETmens Rawesh (e ERICL WaskAE Pline aablent

ext ended bet weé
pr conprises t hsset aoeking |pl-@8ETHe abeRe tdeEcrved i ing i
defined by the %amn ﬁ a’ine sharee?:l by ducal Iaggﬁkﬁ%%n%ﬁ&gﬁt&géﬂg%?ﬁdh%

| aser al i gnment¥edp ovhegspin e daser aigamerviectasrandx e ariolg alignatent geatat adei on
bet ween the ar tiliched 1o26h \ I : L.Ng. pl ane to

provi de paral | ellglgl itg?nrrtgﬂr,\‘\!t)5 Eg{?%leogn@?%éﬁnglﬁ It;‘%]gll’éga‘?/\%{r E‘:@(r)\%elﬁ%ﬁqgh%s gﬁﬁu?%lésefraser
wor ki ng pl ane. bsaepArargl Birespastively, pessethrniighgointe hatndvie widithicomespbed wege t he

article align r L.gnment ct to provide

paral l el .ali gg%rrgﬁ%y(gg{lé)g g?lsnoglutcgﬁl\?é%?{grogs&ﬁ?Fgr?acteayore%etﬁ% step 152, step
150, which i's reached tReferiiy & SIGSICLI and 16pde BserabdaaVshéck! ingiQAdepY
relative 25 transl ati.on ti.on between the agrticle, and_the dual | aser beans
so that one of “PRRICPSIEGFesidpal sthesses Apropraducedi i repeiivelnfiding svo daser bgsats Bn
the firstitsurfamh ifwhibieisadedfosubl RASMiNR 2 RWAls HithlB&ebPReH Qﬁ%%@
coincides with the center of the l";lpot on_athe sef:ond sﬁpr? ace ‘tac_) & E‘élgn |t
wi/ | be appr ecPafeidesofithileadiagedge HE; whieh mag he, covergd witmanyt suiable ak@tive0
control techni ggimoWaU e RREYbdaROM HF L O By ' L t vector
to a single tool axis alignnent ve t%?ablﬁq&g@/g}r‘?@tﬂvﬁaﬁ gfeﬁé‘tlrggnﬁvgper tha?
appreci at ed t higt flewrdhovar el pedtesh lesert shotin pepmed worfhap Fot The phint, tapge, 0aDeher hat
requires simul : I 3 u 2004 dual. | aser beam Thus,
this inventi onhﬂgtg‘%@ggg%fjgz%da bt(:P %ee&ﬁ%éaga%gé pl%éreng qfl%rcgﬁlts ’:S‘U%P?I? Bhkgs on the
al i gnmentlS nansirface af iiprumetatialb ebtheresblithe matetial enaywBelaised tp ket eh@ndfdch as
| aser wor ki ng Pullépfé al he above described al i gnnent rangement s

illustrated in EOURES dP PATHe TREE coptingnmatsrialsetuchide smgtallisefoik of ¢l e

al i gi ment vect adhesive phst¢ tpped disolSERIEUS. PRITRY) 5674920 %0R! 968 4C Mridat

t he center Iin%s I(()f dual Iasg,r '
shock waves are re-directed towards the coated surface by the curtain of flowing

_ water to generate travelling shock waves (pressure waves) in the material below the
20 coated surface. The amplitude and quantity of these shockwave determine the depth
and intensity of compressive stresses. The ablative coating is used to protect the

target surface and also to generate plasma.
Illustrated in FIGS. 15 and 16 is a system 1 which has the blade 8
mounted in a conventionally well-known robotic arm 27 used to continuously move
25 and position the blade to provide laser shock peening "on the fly" in accordance with
one embodiment of the present invention. Robotic arm 27 is responsive to rotational
and/or linear motion imparted by suitable servomotors 94 that are turn responsive to
suitable commands from a controller 92, e.g., an NC device, that may be programmed
to implement the alignment steps discussed in the context of FIGS. 11-14. A spot
30 pattern generator 90 may be further programmed to implement the spot pattern
defining steps discussed in the context of FIGS. 4-10. It will be appreciated that the
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beans A and B respectively, pass through points a and b, which correspond
t'o the center of the spots on the nmutually opposite surfaces to be LSP.
Referring to FIGS. 15 and 16, the |aser beam shock induced deé&p’ly2004
conpressi ve residual stresses are produced by repetitively firing two |aser
beans 2, 10 each of which is defocused plus/mnus a fewmls with respect

to the surfacesb®s mgtmnrtnngndags be fimpleeneneeadiisigg pd@mduﬁmghte@!ﬁuq% 08 are

Breroranly. i MASRbAR ol GEblobe rrCn e S5 | sue over

the coated | aser shock p@‘Edﬂﬁier shatkt peeéned sﬁrt‘éébs shhén B\ﬁhﬁﬁe Fe@&?e afd st 19 r
abl ative coatln ?§IS abl at ed generating pl asma which re ults I1n s

waves on the 18‘ EUFP 2rE 481 resRectivalyeef the leading pdgen] Brare eoated avithaths atbmylvbe
used 10 coal U BgmglISACPhaShe YHdeaP ks odRbibRARA! 1na€§d Rﬂt@%b&ﬁnuogﬂg ingfe | N

materials include netallic foil or adhesive stic aeas
U.S. Pat. No. Shatmergkeerdigams 2dimougps curfmgéﬂowhxgokatwaz/lem the aurfecedi sna@a ed

towards the co r to

travel ling shog:{{ﬁl?h es ?%ﬁrggglﬂl h&eﬁ%@t’ ’?é lasg{ ﬁﬂ&%a ﬂ?%l"‘fﬁ‘glﬁ’b\ﬁl"t‘gé%o%&%at ed

surface. The aeyslain offeaten?l guiingtiated asfbetdg&mp%lltafmckw@wenﬁkﬁtae ivaten ﬁoﬁdzln,tezgllept h

and intensit f ssive stresses tiye coatlng is. used to

protect the yt%r%%? nd;ﬁf% “eee thod'ag\vg%r P etf't‘g? é? Lré? ksershopk pepning.sysign; by

FI GS. 15 1and 1kasi aScmlvsmﬁmehgdnelM&ber] Wil ah BScilAtaAS3 8nd ADHNLAMLIfi&? WA an

conventional Iy, well - knO\Iﬁg WE’@]?“C arm 27 used to continuously nove 5 and
Y

posi tion the bPea: SpIg! |feeds,th & e Rmpllerd fger berm frdo ftivp"beam optical
accordance W t@ar@ﬂﬁss%@ﬁ@hﬁ?&h‘ﬂﬁwﬁ@ﬁ fiPEr @RE Blcoh A UR ghf 9{?9 ﬁ%bﬁt ke(ég%ﬁl%ljzfj s

responsive to rotational and/or |inear notion I npar by “sui
- servonotors 943W1°%3%Wmhﬂﬂ¢1@%mﬁl§al\ﬁéem@ts that tradsingt andrfoausdhe fasarbeam 2

controller 92, r enent the
al i gnment steposrptglgsl%sﬁggheo 'g&\é g&rg%éﬁ%]gitﬁg HE?E%?‘%I‘ u%dttﬁdlt‘%t%%ﬂ ern
gener at o590 nptrbkthe dasehlranpappgratisnie fire thenlpbeebeans 2 b tﬁ@ﬁter@ﬁédl@e@ned
defining step ed in t% context Fl GS,, 4-10.

appr eci at ed thag11 ?ﬁ%gﬁﬁﬁ L Eonfiqiigd SV tesr??dP%ﬁttﬂaW&aLﬁy Eﬁ%‘eﬁi I?B?M?ted
usi ng progr anmiungint cfdloviingiestet. hat are well-known and are wel |l -under st ood

to one of ordinary skill |r1 the art. The |aser shock eened surfaces 54 on
both the pressure and s udeilgsgr may be fired sequentially "on the fly" so that the laser shock

peened surface 54 is laser shock peened with more than one sequence of coating the

20 surface and then laser shock peening the surface while continuously effecting

movement between the airfoil 34 of blade 8 and the laser beams 2 as illustrated in

FIGS. 15 and 16. In the illustrative embodiment herein, the airfoil 34 is moved while

continuously firing the laser beams 2 on the surfaces 54 such that respective matched

pairs of circular spots are simultaneously impinged by the dual laser beams. The

25 sequence of coating and laser shock peening may be repeated several times to attain a

desired strength of compressive residual stresses and depth of the laser shock peened
protrusions 53.

It will be appreciated by thoée skilled in the art that method may be

adapted so that only virgin or near virgin coating is ablated away without any

30 appreciable effect or damage on the surface of the airfoil. This is to prevent even

minor blemishes or remelt due to the laser which might otherwise cause unwanted

aerodynamic effects on the blade's operation. Several sequences may be required to
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sides 46 and 48, respectively of the | eading edge LE are coated with the
ablative 5 coating 55. Then the blade 8 is continuously noved while
continuously firing the stationary |aser beams 2 through a cuf®&o%f
flowng water 21 on the surfaces 54 and formng the controllably

over |l appi ng | aser shock peened circular spots 58. The curtain of water 21

is illustrated asebthe rotimypptineshday-caathgnofahé 128°¢hosR peEncl REFARs 33 is Abnd he
“end of a conveUtl onal V\ﬁlter supp}:}/agéru e 19. The | aser shock peening system

1 10 has a con TOAErT GeEPet BY | Ras ‘ﬁli‘ff%igcan]ll ap¥rpaysisdidseyeral times.
pre-anplifier 38A 1and fiding lﬁ@ﬁiﬁu&fﬂlé lab& firthds WP biSes! $RE!S pbiiSd Héltﬁréé’tpﬂﬁgés:itﬁgﬁ st

| aser beamintg two beam opti cal transm'ssion circuits eac havi
and second anplif pfter redgredhe a'irep'. e Dpeeg theaey the parhis roprddce B& thainekt pule! ude

optical el enent f ] r 2 n.t aser
shock pee ngd S uor%g lgg ggth%i@d}gﬂ?é g%?&&%ﬁ@%ﬁ%&# gg&ﬁg 2%% S&Bﬁﬁﬁ‘g?@ ekﬁﬁ%ﬁ}i’S
control the | adkepastammaygdaooatimsoublytand tinred t¢ beatl the epprojriuslodativh 4t (e guker
shock peened I e in,a controlled manner. | at ed coatjng materi al
e ashed out B AFREST AR B 1R Bsin ot RERR o i adthieermnye Hhedrtp bi
Iseq uent |h al |k y " @ach laa;rfslﬁgc'kes peédﬁdbirblkla' Sposgdir mhm]gsan 8RN qqtjs.exﬁw agtgal% ;fcﬁ
aser shock peened with nore than one sequence of coating the surface
and then | aserqisﬁgaéﬁr%?ﬁﬁgﬁ 't'q‘?g I%E‘FF‘QSEE‘&% 358F W%t i nuously ef fecting
moverent fetween the air fuiile @4 paéfelbPefbsiRBts WPehd 3% ntgl?@ﬂﬁor‘?ﬁ@&e been
odi

illustrated in FIGS. 15 and 16. In the illustrative e Ii ment herern, the
airfoil 34 is B8 anthressribedohareiny irgilyberobviqug thatesuthaswbodimants a2e provided

surfaces 54 su iy e 0ai LS i .. spots.are
Sl taneousy o oot ERRRLY INTTefNE Sorifit e b M BERBAR Saf ofnc i ng
and | aser shocko heendigkilbeny theart witent depasingefra the imention keiréini Mcaordtesy,r ed

t th of ] [ | . d h of the | hock
peenod prot ud) Snarided (8 Y Ty B BE R R R g0 by B b, abiont, dribear

t hat met hbd magpgeadeddaiptsed so that only virgin or near virgin coating is
abl ated away w thout any 30 appreciable effect or damage on the surface of

the airfoil. This is to prevent even m nor blem shes or renelt due to the

| aser which m ght otherw se cause unwanted aerodynam c effects on the

bl ade' s operation. Several sequences may be required to Il 30 July 2004
12



cover the entire pattern and re-coating of the | aser shock peened surfaces
54 is done between cach sequence of laser firings wherein each spot pair
is hit several tinmes. The laser firing has nultiple |aser fif9HyLo%r

pul ses with a period between firings that is often referred to a "rep".
During the rep the part is noved so that the next pulse 5 occurs at the

| ocati on of Lg@@@ﬁ%é | aser shocked peened circular spot pair. Preferably,
the part is ontinuously and tinmed to be at the appropriate |ocation

at the pul se 1or firimehell Fée dudlelasBeaghod HehiddP 4h &M’ St hbfod

sequence may be used to hit each | aser shocked peened circular spot pair
more than oncEOMPAP®Imy also allow for |ess |aser power to be used in

each firing or |as [ re ' ts of .t he
present invention ﬁ%@@%%@ﬂj&gko agtr?t{iﬁ]ggs@ﬁ%@éc? ﬁ'g?%&ﬁs*ﬁoqﬁﬂnlagﬁpobvi ous
t hat such ZEnbsulifacniosbeapeepedivi ded by way of exanple only. Numerous
iati d substi ' i |1 h f skill in th

Srt wi thout depar ARORY Srevnd  DNEHRrE: comaare = AldBli R gPpts op @ epond

i ntended t hat sifod 6F 8t bARIDE beNpédfbdonhy ikt M sEbid budRtes EORBriGhat Ne
15 appended clains. 12 30 July 2004 CLAIMS: 1. A nethod ?or uar taser
shock peeni ngMituallyrernasite syefages nelative torpne finetherdeathiong of thpoesgading

tt LS I ' | T rface to be peened;
ot i i ng. o SpeoBEng sdobhi SiBbe BRRcPafbhdhd td tresboPtith A eshRofle BN
surface of0 t hen ther fiist serface bed pempeidingtanpiutality bf matcheeiosiltotspdtacar

conprising nutually opposi urfaces relative tqQ one another, each one of
t He-respective Sp%%gergﬁnq h{é'l%éichaFjﬁﬁraP@aﬂbﬁﬁﬁ?'%ﬁr@?@@ﬁt"f%ycﬁlﬂgf@gpéﬁd to

a respective sippiltandbugiy irhbmgfeidrséa@wefs?é@ti@ﬁ%a&%ardaiﬂ cS\‘%g%té).' urality of
mat ched pair of spots; and generating (108) dual laser beans being
respectively aligned to sinultaneously inpinge on each respective matched

air of spot 2. ANEY enej t e n_th
P L Pone2: 35 TRE BHBRLOERENT o iETS BpAl BaRAR ol i Wkt
15 comprises a plurality of overlapping spots.

3. The method of claim 1 or 2 further comprising a step of selectively
controlling (116) the level of overlapping between adjacent spots.

20 4. The method of any one of the preceding claims wherein the second

surface comprises of a concave surface.

5. The method of any one of preceding claims wherein each respective
matched pair of spots is situated relative to one another so that a line being

25 normal relative to the spot on the first surface intersects a line being normal
relative to the spot on the second surface, the intersection occurring at a point
equidistant from each spot (118). ‘

6. The method of any one of the preceding claims wherein the first surface
30 comprises a convex surface.
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3. The method of claiml or 2 further conprising a step of selectively
controlling (116) the |evel of overl appi ng between adjacent sgots 20 4.
The net hod of any one of the preceding clains wherein the secShtty 2004 f ace
conprises of a concave surface. 5. The nethod of any one of precéding

cl ai rs wherein each respective mtched pair of spots Is situated relative

Lo one anot hey, <o vhat il Bf RAARD 2B 8B bY Seifirk B oeCob{1®

first surface intersects a |line belng nornal trve to
second sur f acpattemeon theefirsé suiface oowrlsesngeﬁmmg gpplurality efjoindies traspedtivelyp

The 111t surfiareSingy s Mt Srrdl! el artide 5456rSy Sehrioduttiay torme
met hod of cl alomgfiusihar £kis of tiee aftiele. of defining (124) the spot pattern on

the first surface conprises defining a plurality of curves respectively
traversi ng5the convex surface of the article generally perpendicular to a

| ongi tudi nal gxis Phe i&h8ltof lfim P wherdi H%@% ggfatf&b t?ét\%gh dgb%n?'c[]n}e%e

separation between adjacent curves IS sel ecte tha
desired cent eis- $Qie©tedt'@rbepmcIqmgebélnmeandeamchcemﬂer-moesteaIspagmghbetween

| ongi t udi nal of aim?7 or 8 wherein the
sel ected sepagé}?é%rgﬁt @%\E%’%QQH@T ”?E'@fpmgdgg determ nes the | evel of
spot overl apping al ong the | ongi tud| nal axis (128). 10. The nethod of any

one of clainms_7 to 9 wherein the_s of defining the 15 spot pattern on
the first&urPace Tu@ﬂ%’?‘o‘i%ﬁiﬁ?@gsmoéwhﬁfﬂ@ the ﬁﬁ%ﬁﬁd sgpasatigrobeiweenl theg

each of Lhe I SfREeH d(Rvey/b¥RImiddiethRBaI st BICHERInG AREAE 1886 fIdinal

bei'ng selected to be no longer t eS|r cent er¥spaci ng
bet ween adj acexis (E8f)ts al ong the axis general |y perpendlcular to the
| ongi tudi nal axis (134). 20 :

10.  The method of any one of claims 7 to 9, wherein the step of defining the
15 spot pattern on the first surface further comprises defining a plurality of points
along each of the respective curves, the separation between adjacent points
being selected to be no longer than a desired to center-to-center spacing
between adjacent spots along the axis generally perpendicular to the
longitudinal axis (134).
20
11. The method of claim 10 wherein the selected separation between
separation between adjacent points determines the level of spot overlapping
along the axis generally perpendicular to the longitudinal axis (136).

25 12. The method of claim 10 or 11, further comprising a step of defining
respective points corresponding to the centers of each matched pair of spots.

13.  The method of any one of the preceding claims further comprising a step

of defining an article alignment vector (142) and an article working plane along
30  which the article alignment vector is situated.

14



11. The method of claim 10 wherein the sel ected separati on between
separati on between adjacent points determ nes.the | evel of spot overl apping
along the axis general |y perpendicular to the |ongitudinal axfP&uy2s8®) . 25
12. The method of claim 10 or 11, further conprising a step of defining
respective points corresponding to the centers of each matched pair of

PO en Toi qerldrt PRfe REURAY oI, Gle bEAGSBEEMNE AR RN LLdSifP INiLS' N

a step of defining an artic I gnment 've an arti
wor ki ng pl ane ofl dgfipin@@ ldsiec laligheent tiectar Elddyrament kaset working splhnataiong 14

30 July 2004 . od. of an ne of the preceding clains further
conprising a y@ﬁﬂ-“ﬁ? E%%P?Eﬁ%e'i“r‘*&g r'séftyﬁtﬁﬁent vector (144) and a | aser
wor ki ng pl ane along which the |aser alignnent vector is situated. 5 15.
The nmethod of claim 13 and 14 further conprising a step of executing

relative r&tation (Mgsmetadwetplaimelhiandc ‘bfquiqwﬁmismeaaﬁtaptqﬁeemeagmgd
Ki | s ' i . .
working p anerefa‘fiv@ﬁ@féhﬁﬁ.(@%)gﬂ)%ﬂee llhgrgfﬁngllai Wgﬁgl'@g‘ﬁ%ﬁggdﬁgf ﬂ‘n@llaggrewgﬁ{u?ig

I
of claim13 and 14 or claim?Y urther "conprisrin exe
rel ative .r ot atflane {ola@yidegqaretiel alipameant thdrebetwegnnent vector and the | aser
al i gnnment vector to provide parallel alignment therebetween. 17. The net hod
of any one of the preceding clains further conprising a step of executing

rel ative transigat i dheoetiod ¢f1E88in NStaREN ORIt 15 hiathn Gokiifisthiph slép bRser
beanms so that one of the |aser beans coincides with the center point of

the spot dR t IR¥epHting ralative.retation (148 betmaendher arfickeadlignmmsdnectai and the
with the Cemlé‘srer%@ipﬂheﬂf ve&iBr Ef%v%% ;55]%“«?!%@9916?1‘1‘{%?8@@%%8. A system (1)
2, the sys Nprisi NQ: a spot

f ar “dual shock peening an artic entco
pattern generator (90) for defining a spot pattern conprising a plurality

of spots on a irs 46) of t article tp.be_peened, the pattern
gener at or furtﬁér jﬁﬁ%ﬁéﬁﬁfﬁ%@rﬁa‘?ﬂg?ﬁr@% 19 ciairgs LrBel CoMRrSMg a SRR s
on a second cfueteauting 48Jatioé trdislation Abkor 0150 Hetared, the hatitler sid #nd dgegrond

surfaces _conprisjng nutually opposite surfaces relative to one another,
each one 4P ﬁgﬁe"zéeg'& c?‘?@@“?#%t@edﬁs?fhﬁe%@ﬁcﬁ%ﬂ%‘#ﬁﬁ‘ wiB theiceptelrpeinyet to

correspond tgha spot on the first surface and the other of the laser beams coincides with the

center point of the spot on the second surface.

18. A system (1) for dual shock peening an article, the system comprising:
20 a spot pattern generator (90) for defining a spot pattern comprising a
plurality of spots on a first surface (46) of the article to be peened, the pattern
generator further defining a spot pattern comprising a plurality of spots on a
second surface (48) of the article to be peened, the first and second surfaces
comprising mutually opposite surfaces relative to one another, each one of the
25 respective spots on the second surface being arranged to correspond to a
respective spot on the first surface and comprising a plurality of a matched pair
of spots; and '
a laser unit (31) for generating dual laser beams being respectively
aligned to simultaneously impinge on each respective matched pair of spots.
30
19.  The system of claim 18, wherein the spot pattern on the first surface

comprises a plurality of overlapping spots.
15



respective spot on the first surface and conprising a plurality of a

mat ched pair of spots; and a laser unit (31) for generating dual |aser
beans being respectively aligned to sinultaneously inpinge of? BY2A%M
respective matched pair of spots. 30 19. The system of claim 18, wherein
the spot pattern on the first surface conprises a plurality of overlapping
spots. 15 30 July 2004 20. The systemof claim 18 or 19, further conprising
an overlap control nodule for selectively controlling (116) the |evel of
over | appi ng be2@eenThedjyatesntof sglains . 18500 19, Thethay somprisingaay evesiapf contesins

18 to 20 where] e Ssur f onpLi a concave surface. 22. The
system of any @%gh%f f@f%lg%gt'i‘gptggrgtEOI&?ﬂergﬂﬁ)ezH@h%t"sgﬁécPY‘?f PPiRY Ratween
pai r of spots adjasertspotsr] rel ative to one another so that a |ine normal

relative tg_)[the spot on the first surface intersects a line nornmal relative
to the spot on the second surface, the intersection occurring at a point

equi distant fz3pm eped 5908 &fléﬁ} ondofidaimy$8 §¥ Sé(?mxg;eiﬁ'ﬁ%(% %gfe,on%i _sﬁlﬁf%égs

18 to 22 wherein the first surface conprises a convex sSur

syst em of cl ai ¢AMPrIsdscr edncavisusisoe. pattern generator includes a nodul e
for a plurality of curves respectively traversing the convex surface of 20
the article generally perpendicular to a longitudinal axis of the article

(124). 25. The2zyst Gmeodystérai off 24y Wher 6f BldiMS FERGIAL WhRrdiRt 8RS r&Pefait
curves is _select ﬁd to.be no | onger than a desired center-to-center spacing

between ddj adBAtCheARAl ol hRSs ih&itvalndirelaivade enel angthesso that adine Tieemal
systens of cl aeptigd t@rthgépoi"{]tﬁ'{ Frlgé\)fér}s'i‘%y?fﬁl‘.@%t@%e% 3"k r%}pﬁsﬁté'&@ﬁge to the

adj acent curves determ nes the spot overlapping a
| ongi t udi nal spot on the second surface, the intersection occurring at a point equidistant

from each spot (118).

15 23. The system of any one of claims 18 to 22 wherein the first surface
comprises a convex surface.

24.  The system of claim 23 wherein the spot pattern generator includes a
module for a plurality of curves respectively traversing the convex surface of
20  the article generally perpendicular to a longitudinal axis of the article (124).

25.  The system of claim 24 wherein the separation between adjacent curves
is selected to be no longer than a desired center-to-center spacing between
adjacent spots along the longitudinal axis (126).

25
26.  The systems of claim 24 or 25, wherein the selected separation between
adjacent curves determines the level of spot overlapping along the longitudinal
axis (128).

30 27. The system of any one of claims 24 to 26, wherein the module of the
spot pattern generator further defines a plurality of points along each of the

respective curves, the separation between adjacent points being selected to be
16



axi s (128). 30 27. The system of any one of clains 24 to 26, wherein the
modul e of the spot pattern generator further defines a plurality of points
al ong each of the respective curves, the separation between ﬁﬂPﬁ@@%ﬁ

poi nts being selected to be 16 30 July 2004 no | onger than the
center-to-center spacing between adjacent spots along the axis generally

per pendi cul ar poolohler tHAMCiHeUshHa)-tRd itef gggaa.r&? gggg]%&ﬁgﬁ%?éﬁg%é’&s CAI&{e@lﬁe

wherein the sel ected separation between ermn

| evel of spot a¥icgengipiihpeesdigulaido dhe longiedisabaiy (BHpendi cul ar to the
| ongi tudi nal axis (136). 29. The system of claim28 or 29 further
conprising a nodule for defining respective points corresponding to the

centers of ea@B.mafltieedystent off claimt 87 Whedih thbesslgste@mseparitivnOBevRien
nodule for defining an article

laims 18 29 furt her. i si,
gl ?Iggsrrent gcﬁ‘ P%&ﬁﬁg'%ﬁgggféf%}u%g%ﬁaemﬁwﬂ R spetneveriapring walpes thee axis
article ali gnggﬁéré!@(iie%, endichf t@t%ié%?%ifrijd%??elfa%?m%ﬁt em of any one clains

18 to 30 further comprising a nodule Ining a |laser alignment vector
(144) and a | aser working plane along which the |aser alignnent vector is

xecut ing 2020at ot Foeopistdi Aot 28) aR Rhet ol T Bomoaie: Ff hake and

the | aser wor késpgctipé aoints copespordingt thiel c@nteth iof BEER mdtbiRs £ P& WESHots 33
The syste%of claim 30 and 31 or claim32 further conprising neans for

executing'relative rotation (148) between the article alignnent vector and

the 25 Iasersa!igrrﬁsrgysteeﬁtdfraﬁyoorige%réﬁngﬁ;et 'egé g@%ﬁé&ﬁ.ﬁ%n%@ﬁ@tﬁe”-

34."The system of any one of clainms 18-33 _
executing r el faridefininga#r peticle alignmenivectau)l4Bkandan article avarkingeplamel atong

dual laser b 5 H8 érﬁa%ﬁgaﬁm%fn%bg%?# gzsz{ugﬁegﬁrrs coincides with the center

point of 30 the spot on I'rs the other of the | aser beans
coincides with the center point of the spot on the second surface.

15 31.  The system of any one claims 18 to 30 further comprising a module for

defining a laser alignment vector (144) and a laser working plane along which
the laser alignment vector is situated. '

32. The system of claim 30 and 31 further comprising means for executing
20  relative rotation (146) between the article working plane and the laser working

plane to provide parallel alignment therebetween.

33.  The system of claim 30 and 31 or claim 32 further comprising means for
executing relative rotation (148) between the article alignment vector and the
25 laser alignment vector to provide parallel alignment therebetween.

34.  The system of any one of claims 18-33 further comprising means for
executing relative translation motion (150) between the article and the dual
laser beams so that one of the laser beams coincides with the center point of

30 the spot on the first surface and the other of the laser beams coincides with the
center point of the spot on the second surface.

17



17 DUAL LASER SHOCK PEENI NG ABSTRACT OF THE DI SCLOSURE A net hod and
system for dual |aser shock peening an article are provided. The nethod
allows for defining a spot pattern (104) conprising a plurality"g%pot s
on a first—surface (46) of the article to be peened. The nethod further
allows for defining a spot pattern (106) conprising a plurality of spots

on a second surface (48) of theWAiih%%QSﬁBCﬁefg@ﬁ%GggeoLierZhoﬁﬂgréegggﬂ

surfaces conprise nmutually opposite surtaces e |
Correspond 1o a respective SpAERARS O PETHEEEASI o Compr Tsi ng a
Gener ati ng dual | aser bears borng ooty o g et o M,
npi nge on e aﬁwvﬁg'p g%p ir%hqqiaql@ﬁ@cfobgq:ﬁnim a §p patterniil @) roemPrising a plurality
of spots on a first surface (46) of the article to be peened. The method further allows
for defining a spot pattern (106) comprising a plurality of spots on a second surface
5 (48) of the article to be peened. The first and second surfaces comprise mutually
opposite surfaces relative to one another. Each one of the respective spots on the
second surface is arranged to correspond to a respective spot on the first surface 'and
" comprising 2 plurality of matched pair of spots. A generating step (108) allows for
—__ generating dual laser beams being respectively aligned to simultaneously impinge on

10 each respective matched pair of spots.

Figure 8.
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