; _e3euhuel 6LTBF SI NGLE SI DED LASER SHOCK PEENI NG This invention rel ates
to | aser shock peening and, nore particularly, to neth shock
peening a single side of an article. BACKGROUND OF THEOlmanwmmser
shock peening or |aser shock processing, as it is also is a
process for producing a region of deep conpressive re5|duaI°@FFesses

i nparted by | aser shock peening a surface area of an article. Laser shock
peening typically uses SINGDE SIDED [ASERSHOCKRPEENING om hi gh power pul sed
| asers to produce an intense shock wave at the surface of an article
S|n1Iar to nethods disclosed in U S. Patent No. 3,850,698 entitled

"Altering Material Properties"; U S. Patent No. 4,401, 477 emmmmmmmmmWWMFr
Shock Pro tent No. 5,131,9S7 entitled
Propertlegﬁ%ﬁ?ggE?Hgﬁgéﬁhﬁggﬁ?ng, as understood in the art and asisased
herein, means utilizing a pul sed | aser beamfroma | aser beam source to

pr oduce aTtsr ianentioncdlateserd laiBhecks pecaidgoanie ntore papieulari9ntoomethodsifdrace by
produci ng, a pl osi ye farce at the ippingenent point of the | aser beam by
an mstanﬂaéﬁ‘e“glﬁﬁkﬁ?ﬁné}%g%ﬁn%lf”\f]& PP?&{LF%n of a thin layer of that surface
or of a coating (such as tape or palnt) on that surface which forns a

pl asma. Laser shock peening is being devel oped for many applications in the
gas turbine engine field, sonme of which are disclosed in the followi ng U S.
Pat ent I\bBACIﬁGRWI@EEDFeEHEH\BCENHON'he Fly Laser Shock Peeni ng" 5, 591, 009
entitled "Laser shock peened gas turbine engine fan bl ade edges"; 5,531,570

entitled 7D st ion control for,|aser t ur bi ne engi ne
compr easol ¥ e katigue B ke pRERE 85t SRR FTeAER B S
component grddating RIS bF @@66;5’ compreldide 3@5%1&'["‘5&%&3@51 impaHRRS by Qas%ﬁl@ﬁodkover ed

| aser shock peeni ng' and 5,674,328 entitled "Dry tape covered |aser shock
peeni ng" ak¢nieg a whiteds aewaeoe@sm@lnbd Ipaselt ﬁ@cb Peering tymicsllyises or!Le or mgrser
peeni ng h il eat e i,vel 8sS rotectlve

| ayer at ?idl"ggcﬁt eu;lléesS uf%(?hg en‘ %r ‘isﬁ)duce %"nmtté ?‘éee? ably

i ncrease theesurfagé @fanqeuaé sirhﬂaratbtméﬂhﬁdé ﬂlsﬁléhécghﬁUfSﬂPaWr@ Niﬁ xusmﬁsxxs ed in

U. S. Patent No. 4 937,421 entitled "Laser Peening System and Method". These
met hods t giiitled |4 t@Htﬂ b@aterlaé&rpmrﬁe f Uhiit Brtept dgedhWled’7: ertitledt [Leaser or sone
ot her e i R T bl es the
pl asma t o@?gc% gf& e\?gd S E‘Qt\%gf\?go rI3 elsI3 ghdgzdéntlﬁ Meﬁe l{%?;ﬁﬁé rﬁ'J|T;)g|a'ast iC

def ormat i Qasearsdoae pmmngt, asl un&as«d»ualm slﬁer &% singd aik tusedh heﬂehﬁtmeenn stilizinga t he LSP
effect. The c L@aln of wat er prOV|des a conflnlng medium to confine and
redi rect tPH’ée?L: RsamfEora Rdeseh beaid QUIGR (P ofyRc S 9RE (RABK Sk CRRICH e | 8l of
a conpone t e ual

a1 osses. Mg ohpdairion Bl a el Bl DridiEir i lRiR e RATAARS IpRERRLY. &
travel li ngomltloﬁthevlmce beamh d»ytahensiuﬂmmoamablafrdm or vapopizassi ofa thivovevetv e

caused by the |aser | se res |n dee sti ess trains in
Che compoiheurtiiicts Bb p £0afiad Liuehasdaps 5hwbiD; o for Ahtace BbB.BebRal o ent
with the gla@agki ¢ nodul us of the materi al . Dual sided sinultaneous |aser
shock peening includes sinultaneously striking both sides of an article by

two | aser beans in order to increase the conpressive residual stress in the
mat eri al . Lases shaele peeringrds deingt dgyieloped fon amaapicapplirations darthe gapitwibinez e

mat eri al 0 aser
shock peeg{]ihg%@ Qq{ne &%’ﬁlcﬁﬁg ‘Zg“rsi?%?@%ﬂ gghéf)‘gis?l Qﬁr o%%ﬂ%‘h ngﬁd%élsal from
each of t batittdddedn The Fax Badee iShoek eéexb@g:k 515901000 eatitled E‘Eefsaﬂ shoek pebfedt Wo
initial conpressive waves. The reflected waves turn into a tension wave.

The ref | e€aetirbiansngire fay blade redaes) oéﬁ%ﬁa@@eﬁ?ﬁ nieistortign gontial for kager | n the
sane axi a's?%gr%%éé& as%xﬁ.f%ﬁ%% E6m I%SJZBr%‘inﬁg @dsaag b7 %nﬂ'légg [rag%/ o d| ng

stress at - pFPane. are one a |bns Tke air

edges of bhdcﬁ:kﬁeenékﬁlf@toﬂﬂbMpGﬂiBht§fdietuﬂforﬁddﬁmafyl'j 61694;339 eadiltd "Adeadsi bl e
wth a |aser beam A single sided LSP roceSS|n u be very useful but
the conpr &S wegeﬁdéwr(sepele@eﬁn%v@n@r Q328 n%flt’c twf‘ecwer%q laser article

|s refl eCtsﬁcS’clgH?Qﬁh 'h%ll%tf%ﬁ?hsérgﬁss? ncli§t rﬁrés%h?A?s”%e%et urns as a tensile

stress wave. versal ress ron1conpr ssive to tensile is
caused by the | ower shock inpedance of the adjoining material (usually room
air). The returning tensile stress wave tends to undo at |east a portion of
the beneficial effects of the 2 1



original conpressive wave, i.e. lowering the anount of conpressive residua
stress inparted by the | aser shock peeving. Thus, it is highly desirable to
have a single sided | aser shock peeving process that avoids reduction or

| oss of effectiveness of the beneficial conpressive strains fromlaser
shock peeving caused by reflected tensile waves. SUMVARY OF THE | NVENTI ON A
nmet hod for single sided | aser shock peeving an article includes |aser shock

peevi ng aLh@s PeerSAPRYs lB&ﬁ\(itﬂIiQe&tUér@@te aQddniprédsively ﬁfe@&dqémfeb@v@ra &cdte while
mai nt ai ni ng an opposite second surface on'a back side of the article in

acousti c theranteri sutfacaoofl au articls witiok ks knovenioagonaigerablyeinirehse th gesigansad

f t h ti
ot oo e BL ORI, ke TRl 49 it RSB Ut S ERREE ney Ko TR et DLy "
back of f t‘]be@eba@éﬁuﬁghssastélhraﬁuqhemb@' aThé&'rﬁetha'dfbetyﬁib@H% efipl@naldbiiig ofat eri al
is a material that has a shock |npedancen§&1a or gher than that of the

article. Watsrdloved méhmalttuc}ﬁ:gommrm pther Qdethpnomqimjplaemalcoaﬁulnghe
article nad fro a titaniu One.such article is as_turbine
angi ne. ai RO db RediB oAb fRipleREe b Mot LiabheLs shits uf Bty
parti cul athae rﬁa@&uceeﬂhb dlhstich@eforM@iin aid ia8sdciab résidigl etressd pattdras @hatshock
peeving a | eading e of the airfoil. The airfoil may be part of an

i ntegral | W@Flaﬂ@dhﬂgl% cffgsk (ThgueuitareoRwater previdas . comfiginige medivgn ko
at tenuat i pg, 41RLGh r@dlrec&h@ y?o%'eésjgegéﬁagé&%%wg gé%tlﬁt’o Rl P@g%{grﬁ% i%h&i tal

I nterface, such a I spose ween and the
solid att enumpomt BathsaiD td beaghRekenrfitiahcahprogsiventesidugllstrosys.be one t hat
di ssi pates conpressive waves caused by the | aser shock peeving. Another
type of thg shock atten atlﬁ@ rial reflects hack conpre slve shock
waves caus %lpéiﬁs?lﬁepl}% c‘[@%’i’é\??‘%‘ i BIgHA (HR2ES Ak trayelfing fhacke

articl . Bate kiiflthe siBGentt HERLAhAESIR! Slok Ryl cabei' ) Rl i f ace

may al so be a rored by m xing a suit anount “of netal’l
parti cl esresulthimdeqr plagtic tamypreshiveosteaitn By thet dompedaetr eﬁheshqﬂdxstmrqmadmnce

oo exanpPEADFS EPSKAL HBHSEES SR EIE ' Srta ripshlischt B8 vae o Peding .
BRI EF DESRE PTihfdNafEoul e ek I}Jgﬁnng includes simultaneously striking both sides of
an article by two laser beams in order to increase the compressive residual stress in the
material. The laser beams are typically balanced in order to minimize material
distortion. There are some applications for single sided laser shock peening. The
initial compressive waves pass through the material from each of the sides and are
reflected back from the interface of the two initial compressive waves. The reflected
waves turn into a tension wave. The reflected tension waves from both sides can meet
at a mid-plane in the same axial direction and reinforce each other leading to a high

level of stress at the mid-plane.

There are some applications like airfoil leading edges of blisks where only one side of
the article is easily accessible with a laser beam. A single sided LSP processing
would be very useful but the compressive shock (stress) wave travelling through the
metallic article is reflected from the other side of the article and returns as a tensile
stress wave, The reversal of the stress from compressive to tensile is caused by the
lower shock impedance of the adjoining material (usually room air). The returning

tensile stress wave tends to undo at least a portion of the beneficial effects of the



FIG 1 is a diagrammatic perspective view illustration of an exenplary

nmet hod for single sided | aser shock peening of first stage conpressor

bl ades of an aircraft gas turbine engine BLISK. FIG 2 is a cross-sectional
view illustration of the exenplary nethod for single sided | aser shock
peening of first stage conpressor blade illustrated in FIG 1. FIG 3 is a
cross-sectional viewillustration of a first alternative nmethod for single
si ded | aserigiaflosdtnpresivengans, i20 I@dring! the Junf6f th@pfesitd rSiRAQE seeRPr essor
blade illustrated in FIG 1. FIG 4 is a cross-sectional view illustration
of a secol@paited by g lages sheckpsgningr singl e sided | aser shock peening of an
article such as the first stage conpressor blade illustrated in FIG 1.

FIG 5is i ' ' j ' '
1 Fust r a; TP af s gy SR8 Il E a MRIESIE) hocl SRERTRInG pHoRM ot o
met hod f oavdidssexluetiacér [pae pf rfetthenesstofcthe benefivia scohipeeskive straids afiem

corrpreSSO{ bl ade il | ustrat ec{gi n Fl?%p 1. FIG 6 is a cross-sectional view
i 11 ust r at 1885F sBpck prenme capsedibyqeflected tensilesyavspade t aken through 6-6 in FIG
5. FIG 7 is an elevated viewillustration of a container of |iquid shock

att enuat i JgMMARY OF THE INVENTION

A method for single sided laser shock peening an article includes laser shock peening
a laser shock peening surface on a first side of the article while maintaining an
opposite second surface on a back side of the article in acoustic communication with a
shock attenuating material. The second surface is opposite the laser shock peening
surface. The shock attenuating material is a material that does not allow tensile waves
to be reflected back off the back side through the article. The shock attenuating
material is a material that has a shock impedance equal or higher than that of the

article.

The shock attenuating material may be a liquid metal and the article made from a
titanium alloy. One such article is a gas turbine engine airfoil and the surfaces may be
on an edge of the airfoil. A particular embodiment of the invention includes single
sided laser shock peening a leading edge of the airfoil. The airfoil may be part of an
integrally bladed disk. One liquid metal is mercury.

Another shock attenuating material is a solid attenuating material and a liquid metal
interface, such as mercury, may be disposed between the article and the solid
attenuating material. The shock attenuating material may be one that dissipates
compressive waves caused by the laser shock peening. Another type of the shock
attenuating material reflects back compressive shock waves caused by the laser shock

peening through the back side of the article.

The liquid shock attenuating material or liquid metal interface may also be a slurry
formed by mixing a suitable amount of metallic particles with a carrier liquid to

achieve the desired shock impedance. Examples of such metallic particles are copper,
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material in contact with one of the first stage conpressor blades in FIG

5. FI'IG 8 is a side elevated viewillustration of |aser shock peened
surface of the first stage conpressor blades in FIG 1. DETAI LED

DESCRI PTION OF THE I NVENTION Il lustrated in FIGS. 1 and 2 is a nmethod and
apparatus used for single sided | aser 4 shock peening a netallic article
16 such as a conpressor blade |08. A |aser shock peening surface 18 on a
first sideradd @ftubgiernbtd ©he ckbmbR bP&Suitahle Akquk® AR ikial forlBoridsifeNi Ng an
opposite second surface 22 on an opposite or back side 24 of the article 16
i n acoust lubtiseRuni cati on with a shock attenuating material 59 that does
not allow tensile waves to be reflected back off the back side 24 through
the artic : i ce 22 is opposite the first
surface 18. %ﬁlDaser mﬁlﬁﬁﬁﬁgﬁégough a contai nment nedi um such as
a curtain of water 121 on the | aser shock peening surface 18 which is

coat ed w FiGah iahl dadgranadatpenpediBesyén iflastgiontofain exbagtaryemétapd fér0 form
coated surfaces as, disclosed in U.S Patent Nos. 5,674,329 and 5, 674, 328.
The coat i sigeleosidechlasereshogk psening iof dirfetirgsneqmpressen blades, o€ an aiiceadt 225 t he

cl ear contgi : [ whi ch can be a fluid curtain such as a curtain of
fl ow ng mg?gggﬁg%pg$ﬁé§gLock attenuating material 59 that does not all ow
tensile waves to be reflected back off the back side 24 through the article
16 may ei TH@r2 i 3 siopasetionatpies sllustratiay ef theaxsmglaoy ntettwd| fas singlehudddd peeni ng

or reflect conpressive es caused by the laser sho peeni ng back through
the arti C}laéeﬁ%}_())cﬁnge% I ngfﬁfgmmﬁ%@@% @PStﬁemge?i n direct contact

or in acoustic comunication with the article 16. In one enbodi mrent of the
i nventi onFIGhe isR0&GEssedeb@onaR vield ill@tationbf A9fRAAIEANR SMHedled | fAPSRHRCe as
the nmetal of the article, e.g. netal of a gas turbine engine blade and,

t hus, t he sislhddRrser shoekapeening ef amadiclensucht ae theafirsigstaget eothpiies®9 , bladet hout
reflecti on grn‘d i'sﬁ&%Si pated within. Alternatively, enbodi ment of the
shock attéHﬁ Peﬂén ‘erial 59 has a greater shock inpedance than the netal
of the article 16 and reflects back a conpressive shock wave through back
S ihde ) 24 ofFé@he isazléI tios-sectibhal \ﬁm dRusafation pﬁ‘aisaﬂ)nﬂ&ﬂt@fﬂaﬁk’e fﬁrﬁ:tlvdd_t for kinglesane
shock i npedance di ssipates the conpressive shock wave after it passes

t hr ough tﬁ@eﬁrlﬁﬁ%@@wse&%so,f an f%%ﬁ@él hhdhe, Sat stagsnremprepsos lads tensil e
wave. Al teﬂq&ﬁ%{ uel ¥igtihe shock attenuating material 59 with higher shock

i npedance wou 5 cause the reflected wave to be conpressive and, therefore,
beneficial to the process because it woul d i nduce conpressive residual
stresses FiGt e apéaitially degrammatef drecpatidlic ichemabta glew Hisaationcdfea laker ei t her

case, the shock attenuating material 59 js plac in intimte contact or
Scoust | . St peBing St Brang & dinalietanehg; BeBEf torBser ek seeriE Biecs, 1
and 2, t herdl€iticH a8 RRrsPiARMSAIPrESorBIARY ill@btra?d BURG] 1 ed by a shock _
attenuating material nozzle 63 is held against, in direct contact, and in

acoustic comunication wth the article 16 by a confining neans,

i 11 ustrat §8Ga8 ina wrasp-sactionployiew dHpstrating of the Hist stage pempresysr blagde takasc k
attenuatir&g0 @%ﬁﬁ?l 9: on the opposite second surface 22 essentially

Wi t hout any arr gaps between the surface and the wall 11. Illustrated in
FIG 3 is a different type of confining neans. The confining neans in FIG
3 is an ettGo3uiseantdlevdted vigve clustration RE d conthiters bb diuil slerkiadtiengatingt er i al
59 through an,inlet 66 and has an, opening 68 which fits _around the article
16. The | MfFrpl dhepnkach widingof Hiy frat tagegompiessar tladeg inglemst, in direct
contact with, and in acoustic conmunication with the article 16. If the
attenuat i pgGMRGEhIsHe d18vaed PlebhdilRBthtlonl dMBiE RO F&dned 30 DEHLETHS
directly wwth the material, a thin layer of liquid interface 30, as

i |l ustr at ethge noEpEsso bladayinddGuded bet ween the first side and the back side
of the article and the solid shock attenuating material 59. An alternative

to the thi (W TVTING f i thin layer of a pliable

mat eri al Fﬂ%#é¢§#?BhgbhgﬂtgpgE%fgﬁﬁgﬁgﬁggﬁapﬂe transm ssion of the shock to
solid shock attenuating material 59 or reflect the shock back through the
article 16lustfagdcianfiGs. Ngaeans aumetod 4@l dppaiiBClseatibeBingle sgedTiiser i al 59
in the formof a block 62 to hold the liquid interface 30 supplied by a
liquid interface nozzle 65 against, in direct contact, and in acoustic
comuni cation with the article 16. The4liquid interface 30 is thus held on
t he opposite second surface 22 essentially without any air gaps between the
surface and the block 62 of the solid shock attenuating material 59. The
shock attenuating material 59 may be a liquid such as nercury for use with
an article made of a titaniumalloy. If a solid shock attenuating materi al
59 is used, then nercury nmay be a suitable material for the liquid

Y ”~



Alternatively, the liquid shock attenuating material 59 or the |liquid
interface 30 may be a slurry having particles of a suitable netal (for
exanpl €, copper) which would effectively have the sane or greater shock

i npedance than the metal of the article. The liquid shock attenuating
material 59 or the liquid netal interface 30 may al so be a slurry fornmed by
m xi ng a suitable amount of netallic particles with a carrier liquid to 6

achi eve t bigpcHgebhiag sSheallid ﬁfﬂ@léal@ﬁlch@émxﬁﬁreé%r BLdB 108! aA llager BREKi C! es
are copper, brass or tungsten and one exanpl'e a suitable liquid carrier

i s a non- peanings pwréace Ul o arfiirst gide 20sef bf article §|601@ Kaser tshonkap¢engd ehtilsr i al 59

or oduces. el PRERL Rk B8R Sirlefr 2 My PESARY o Baf HEE & oo

peeving. FhRld 161 SecubB€ Komiruaitatén RGthrdbieick itehatidl hiteridll Spuihdt dedser f ace
30 may be collected and recircul ated during the |aser shock peevi ng process

as i1 ust pefadlpvibipnsileriaves i be refleeted bagleofftherhagk allde 24 shrangh the agiicle |

the ol nde oerapHE sPaiEaiefir o7 e ol b B mis 18, £ BRG SR KO PRD o™

whi ch coi ﬁ?dddtﬁﬁough taltoBtaGr@RdiR mddien SlicH dvea @ﬂﬁirﬂ@f ﬁhl@idu ese el lhder gbdky an
integrally bl ad disk, referred to as a BL] SK 10, having axially spaced

apart cir Beaming swifacsl 18 gvhigh & aetedhmithr amablative seating 19 suple @sipaItyor (al so
referred €

annul ar s%g}}:egﬁrféé fgﬂg §§t§§g‘gﬁ§c¥eﬁgggg§?§% 912@& Sagét(ra\btl%gcé éparafrﬁf orward
and aft r6)6§4,328amﬂebéatiﬁg Imﬁrobicﬁdaﬁ ablR8ve ﬁneBhin’SlﬁreIé}ably dVb]l' whichds €@ as
mounted in a fixture 15% attached to a, six-axis conpp ftﬁ

numer i cal Fifacesinmentyme Wm& 990 bgtoHuig opraimRichgs iafUraib et Jowings part
of a singlgsiided | aser shock peeving apparatus and system 101 which is
illustrated nore particularly in FIG 5. The inventionis not limted to
rotor bl ades, including fan and turbine bl ades as well as conpressor

bl ades, aiflte (shonkbmansadhg‘ oatesiah §9 ehaatidlbesi nbhasgldow $émsdé ey ton ge \raidctnds
metallic artic 108| further illustrated in F 6, 7,
and 8 as ﬁ%‘ith tg shﬁelf ldﬁag c@'t igle Ly mpay el FQ{SS’?PtﬁeCWTEW s si ngl e
si ded | as@veQftkedBEHRAa rsm 8&&&@% réﬁ'&@ 'éoﬁﬁf‘e\éﬁde RAVE caldel By Y

| eadi ng edge LE of t’he bl ade 10 articularly |l ustrated in FIG 8 The
suct i on siaser shock peeniBg baek fhaeugh @h@cﬂmlpééveﬂamhohk atenyating maseriah 5904 whi | e
the back side rep nted ressure side surface,b54 of | ade 108 is
i r oot MRS ST ot v P SRR EpRRRait, "cng flile 2By dR 3 ng

materi al  g@bodinlens tof ahe dnvehtibhGhhe §hock, attenu@ig fhatepiah SONhdsdsamhd Shdbkt | ve
enbodi nent of the shock 7 att enuat | ng material 59. A liquid version of

t he shockimpedapemes g metebef Hie atclese.angietd of a gpsdurbingenging blgde asdnt aj ner

61. Walls I gh to
conformt PR{ ’n&@%h{’a{ ﬂara{n?@t%d?g@qﬂgg %g{e}‘?%ﬁdl ’5% ‘ggh&kdgﬁééao aldso not
interfer emahsﬁpatécea&mlmoAltemaﬁ&lyl,eamtncmlﬁmynudfttber fleck ateeinmting andté@al 5% ssi on
of the conpressive waves fromthe | aser shock peeni n% t hr ou h the netallic

article aR# RiFerterHwork qmpad%lﬁ@@v@naﬂlﬁéﬂ%k Pﬁm@em@fs. angyretiggts hack gy t o
FI GS. 1, @"’mgﬁgﬂ eslﬁz@ﬁ@v 9%5&%?9&}( % an airfoil 34 extending in
W S | ng e

the chord I Tectl on et we and atrailing edge TE of
the airfoil. A chord CH of the alrf0|l 34|stheI|ne bet ween the | eadi ng
LE and trﬁhbisﬂlgcledgmuﬁﬁngtmaﬁaml 5 edth ﬂmcsms}nfcktih@eﬂhxw(dediasipzitésl tet r at ed

in FIG 6. Pressure and suctjon, si des 46 res etlv of .t he
ol | SHOBRESTHE CRRheuRTS HieT lo BUPFO HERD e AEie And fih PTetiguSrdieor ¢ ne
airfoil. Thesphoesbfi&t&d %sﬁl’@wﬁ@&e%lteﬂla&ﬁ@lzgﬁﬂ%bk ditéfatih® madridi Goat i on as
indicated by arrow V and the suction sid is on the other side of the
ai rfoil. with higher shock impedance would cause the reflected wave to be compressive and,

therefore, beneficial to the process because it would induce compressive residual

stresses in the article as it reflects back through the article. In either case, the shock

attenuating material 59 is placed in intimate contact or acoustic communication with



The bl ade 108 has a | eadi ng edge section 50 that extends al ong the |eading
edge LE of the airfoil 34 froma base 36 of the airfoil to atip 3 8 of the
airfoil. The | eading edge section 50 has a width Wsuch that the |eading
edge section 50 enconpasses nicks and tears that may occur along the

| eadi ng edge of the airfoil 34. The airfoil 34 subject to a significant
tensile stress field due to centrifugal forces generated by the bl ade 108
rotating ¢hy bR SRR AR6leATR PIGS. Thehd®, theliquiddhdck AeffatiighhMEiall 59

vi brations generated during engine operation and the nicks and tears

oper at e asuppligh hyya shock attenuating tmaterial mogzle $H3pis detldc agagnsddi difeohedntart,r ess
concentrations around them The |ager 0 eene atch 145 is aced

S ong o pARE FoIFBR ShERR Wi e aicln 6 eV aeannRRienE. PRt ear s
nay cause aaydlpi |, Uof c&iﬁﬁiﬁgabiqaﬂpvé}ssepw thé Sbck etteRudtimlbl AMErial L5564 tikhock
peening inparts the pre-stressed regi ons 56 having deep conpressive

resi dual oppesits sscondi sinfacg 23 esssntidnwithodtzany piregdnsi betwesnothe surfadecarsl of t he
bl ade aloggygqifible crack lines that can devel op and emanate fromthe

ni cks and ‘Teaf's. 'The | aser beam 104 is fired normal to or at an obl i que
angle with respect to a tangent 8 71 to the suction side surface 55 at a
poi nt whelkusttardlia G, Beamdiffceit type bheorflithg Bitand. d€he vsrifisy ARansTie | aser
beamis fired with sufficient energy to forma pre-stressed region 56

havi ng coffFedds w8 anelosugat] shichsreseivesyiher Higuid phoeky attenpating anpsenial pSevi ng

ext endi ng 4l Ik i i S . ser beam
firing pr ggﬁ% sé‘{]lg’%egﬁ Bs?%{j)? géL%bgg egngﬂ gI[ ﬁ&vgf{&ﬁg{tggroﬁlaﬂj&eéfﬁ @,gqg'nT Eglq{sl@cti on

si de surf abeckeat@nbiating miverihl SN Iwlé agdinss fediréot gomactowithf arcloifpdceasticve
residual stresses extends into the blade 108. Illustrated in FIGS. 2, 3 and
6 is an esempluRKMtienWyithewticlsléa singl e sided | aser shock peeving
apparatus and nethod for |aser shock peeving the | eading edge LE of the gas
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U S. Patent Nos. 5,674,329 and 5, 674, 328. These shock waves are redirected
towards the coated surfaces by the curtain of flowng water 121 to generate
travel ling shock waves (pressure waves) in the material bel ow the coated
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Accordingly, what is desired be secured by Letters Patent of the United

St at es i slas¢reshonk epeening the blaski HlﬁdO’étadblddddf mtemsdctiped havingenf atis ofi ng
clainms. 11 . | MS: A et hod for si ded Ias r sh eni ng an
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second surface (22) on a back side of the article in acoustic cofmmunication
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not al | ow™® e%?&?‘?‘gs%‘??ggf FYIBEST Eibfagﬁ i@f A Hnufit 5588 13" xendS betwedn

the axially adjacent spaced apart forward and aft rows 12 and 14 of the blades 108.

A BLISK 10 is illustrated as 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 single sided laser shock peening apparatus and system 101 which is
illustrated more particularly in FIG. 5. The invention is not limited to rotor blades,
including fan and turbine blades as well as compressor blades, and can be used for

single sided laser shock peening various metallic articles.

The blade 108 is further illustrated in FIGS. 5, 6, 7, and 8 as having a suction side
surface 55 as the first side which is single sided laser shock peened within a laser
shock peened patch 145 along a leading edge LE of the blade 108 as particularly
illustrated in FIG. 8. The suction side surface 55 is laser shock peened with the laser
beam 104 while the back side represented by a pressure side surface 54 of the blade

108 is in direct contact or acoustic communication with the shock attenuating material

59.

Mlustrated in FIGS. 5, 6, 7, and 8 is a third alternative embodiment of the shock
7



back off the back side through the article. 2. A nethod as clained in claim
1, wherein the shock attenuating nmaterial is aliquid netal. 3. A nethod as
claiméd in claim2, wherein the liquid netal is nmercury. 4. A nmethod as
claimed in claiml, wherein the shock attenuating material is a solid
attenuating material. 5. A nethod as clained in claim4, further conprising
disposing a liquid netal interface between the article and the solid

attenuat i pfledtifg inddteridl- 59N PELRGM Pdisioh AMME shbclE hitédating \WRERi pot ke 11 qui d
nmetal interface 1s marcuré. 7. Anethod as clainmed in claim4, further
£

conpri si nghdpspddsiarthinafleNiblecpniainer 6dli Walls efithe shih dlexihbe pentainemel havei ¢

particles, m xe 1th a, carrier |Ligquid between.the article d e solid
Dt enuatt AGoAaRat fbuln 850G it B hert g o AR b8 RRP IR 4E hock
attenuati ayofiat Bitérédre of aBledst Wbt YorisoquenthMPinderfdie inithl the aBmibsioh offeeal | i C
particles mxed with a carrjer liquid. 9, A nmethod as clained in claim7 or

8, wher ei fomRpEessiEe Wavesciromthe lasershaele pesning Broughthe metalliparaglerandrinte gr oup
of netal sy J6l] . nd tungsten. 10. A nmethod as clained in
claim7, gﬁé&?&@@kl&%%ﬁ?xﬁﬁgl%g{ggﬁ%} g? liquid is a nonl2 corrosive

| ubricant. 11. A method as clained in any one of the preceding clains,

wher ei n t Refarihg od EIGS 1a6ganl §,eadk commeggonblade 10®hés an airfoil 34 extending

in the chordwise direction between a leading edge LE and a trailing edge TE of the
airfoil. A chord CH of the airfoil 34 is the line between the leading LE and trailing
edge TE at each cross-section of the blade as illustrated in FIG. 6. Pressure and
suction sides 46 and 48, respectively, of the airfoil 34 extend between the leading
edge LE and trailing edge TE of the airfoil. The pressure side 46 faces in the general
direction of rotation as indicated by arrow V and the suction side 48 is on the other

side of the airfoil.

The blade 108 has a leading edge section 50 that extends along the leading edge LE of
the airfoil 34 from a base 36 of the airfoil to a tip 38 of the airfoil. The leading edge
section 50 has a width W such that the leading edge section 50 encompasses nicks and
tears that may occur along the leading edge of the airfoil 34. The airfoil 34 subject to
a significant tensile stress field due to centrifugal forces generated by the blade 108
rotating during engine operation. The airfoil 34 is also subject to vibrations generated
during engine operation and the nicks and tears operate as high cycle fatigue stress

risers producing additional stress concentrations around them.

The laser shock peened patch 145 is placed along a portion of the leading edge LE
where the incipient nicks and tears may cause a failure of the blade due to high cycle
fatigue. Laser shock peening imparts the pre-stressed regions 56 having deep
compressive residual stresses which acts to counter fatigue failure of portions of the
blade along possible crack lines that can develop and emanate from the nicks and

tears.

The laser beam 104 is fired normal to or at an oblique angle with respect to a tangent



12. A method as clained in claim1l1l, wherein the surfaces are on an edge of

the airfoil. 13. A nmethod as clainmed in claim12, wherein the surfaces are
on-.a | eadi ng edge of the airfoil, 14. A method as clained in any one of
claims 11 to 13, wherein the airfoil is part of an integrally bl aded disk.

15. A method as clained in any one of the preceding clainms, wherein shock
attenuating material dissipates conpressive waves caused by the | aser shock

peeni ng. 3P0 theRbiRsiad s&lfa'é'erﬁcht'arb(ﬁtmﬁv&?@ 1 1aSdr Mehi® 1b4tlﬁts]tﬂe swdiRhei n the
shock attenuating material reflects back conpressive shock waves caused by
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10908 () - thela%QXBing kengind 62408s {08 mdOeRon hrblor element illustrated as the BLISK
10. The method is illustrated for the leading edges LE of the forward row 12 of the
compressor blades 108 but may be used with any metallic article. In the exemplary
embodiment of the invention, overlapping adjacent ones of the laser spots 60 are
formed in different linear passes of the laser beam 104 over the suction side surface 55

such that every other laser spot 60 is laser shock peened in the same pass.

The compressor blade 108 is mounted in the fixture 15 which is attached to the six-
axis computer numerically controlled (CNC) manipulator 127 as illustrated in FIG. 5.
Six axes of motion illustrated in the exemplary embodiment are conventional X, Y,
and Z translational axes labelled X, Y, and Z, respectively, in FIG. 5 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, an optical transmission circuit having an amplifier,
and optics 135 which include optical elements that transmit and focuses the laser

beam 104 on the coated surface of the blade 108.

Before being laser shock peened to form the laser shock peened patch 145, the suction
side surface 55 is coated with an ablative coating such as paint or adhesive tape to
form coated surfaces as disclosed in U.S. Patent Nos. 5,674,329 and 5,674,328, The
coating provides an ablative medium preferably over which is a clear containment

medium which may be a clear fluid curtain such as the curtain of flowing water 121.
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shock peened.

The laser beam shock induced deep compressive residual stresses are produced by
repetitively firing the laser beam 104, which is defocused a few mils (few tens of pm)
with respect to the coated suction side surface 55 of the suction side 48 of the
compressor blade 108. The laser beam 104 is fired through the curtain of flowing
water 121 supplied by a conventional water nozzle 119. The curtain of flowing water
121 is flowed over the coated surfaces. The coating is ablated generating plasma
which results in shock waves on the surface of the material. Other ablative materials
may be used to coat the surface as suitable alternatives to paint. These coating
materials include metallic foil or adhesive plastic tape as disclosed in U.S. Patent Nos.
5,674,329 and 5,674,328. These shock waves are redirected towards the coated
surfaces by the curtain of flowing water 121 to generate travelling shock waves
(pressure waves) in the material below the coated surfaces. The amplitude and
quantity of these shock waves 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-stressed regions are generally about 50-150 KPSI (Kilo Pounds per
Square Inch) (340 - 1030 MPa) extending from the laser shock peened surfaces to a
depth of about 20-50 mils (500 - 1250 um) into the pre-stressed regions continuously.

The compressor blade 108 is moved while the stationary high power laser beams are
fired through the curtain of flowing water 121 on the coated suction side laser shock
peened surface and forming the spaced apart laser shock peened spots. The
movement is done incrementally and stopped at each location where one of the laser
spots is to be formed. A controller 124 is used to modulate and control the laser
shock peening system 101 to fire the laser beams on the coated surfaces in a
controlled manner. Ablated coating material is washed out by the curtain of flowing

water 121.

10
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incrementally moving the blade and firing the laser beam on the coated surface and
adjacent laser shock peened spots are hit in different sequences. However, the laser
beam may be moved instead just so long as relative movement between the beam and
the surface is effected. Alternatively, it is contemplated that the blade can be
continuously moved while continuously or incrementally firing the laser 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 modifications as fall
within the true spirit and scope of the invention. Accordingly, what is desired to be
secured by Letters Patent of the United States is the invention as defined and

differentiated in the following claims.
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10%08' &z gotn/@A( metlomgfor( pingle sided laser shock peening an article, said method

comprising:
laser shock peening a laser shock peening surface (18) on a first side of said
article while maintaining an opposite second surface (22) on a back side of the article

in acoustic communication with a shock attenuating material;
wherein the second surface is opposite the laser shock peening surface, and

the shock attenuating material does not allow tensile waves to be reflected

back off the back side through the article.

2. A method as claimed in claim 1, wherein the shock attenuating material is a

liquid metal.
3. A method as claimed in claim 2, wherein the liquid metal is mercury.

4. A method as claimed in claim 1, wherein the shock attenuating material is a

solid attenuating material.

5. A method as claimed in claim 4, further comprising disposing a liquid metal

interface between the article and the solid attenuating material.
6. A method as claimed in claim 5, wherein the liquid metal interface is mercury.

7. A method as claimed in claim 4, further comprising disposing a slurry
including a suitable amount of metallic particles mixed with a carrier liquid between

the article and the solid attenuating material.

8. A method as claimed in claim 1, wherein the shock attenuating material is a

slurry including a suitable amount of metallic particles mixed with a carrier liquid.

9. A method as claimed in claim 7 or 8, wherein the metallic particles are made

of a metal chosen from a group of metals including copper, brass, and tungsten.

10. A method as claimed in claim 7, 8 or 9, wherein the carrier liquid is a non-
12
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11." A method as claimed in any one of the preceding claims, wherein the article is

a gas turbine engine airfoil.

12. A method as claimed in claim 11, wherein the surfaces are on an edge of the

airfoil.

13. A method as claimed in claim 12, wherein the surfaces are on a leading edge

of the airfoil.

14. A method as claimed in any one of claims 11 to 13, wherein the airfoil is part

of an integrally bladed disk.

15. A method as claimed in any one of the preceding claims, wherein shock

attenuating material dissipates compressive waves caused by the laser shock peening.

16. A method as claimed in any one of claims 1 to 14, wherein the shock
attenuating material reflects back compressive shock waves caused by the laser shock

peening through the back side of the article.

17. A method as claimed in any one of the preceding claims, wherein the article is

made from a titanium alloy.

18. A gas turbine including an article which has been laser shock treated according

to any one of the preceding claims.
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