12 January 2007 SINGLE SI DED LASER SHOCK PEENI NG FIELD'EEJ¥HEUEM8 NTI ON
This i.nvention relates to | aser shock peening and, nore paf%lc lI'arly, to

met hods for | aser shock peening a single side of an article. BACKGROUND OF
THE |1 NVENTI ON Laser shock peening or |aser shock processing, as it is also
referred to, is a process for producing a region of deep conpressive

resi dual stresses inpart | aser shaock eening a surface area of an
article. Laser shock peegﬁﬂgiﬁfgp@%lL@SEBéQEQGK MN#B¥@ radiation pul ses
from hi gh power pulsed |lasers to produce an intense shock wave at the
surface of an article simlar to nethods disclosed in U S. Patent No.
3,850,698 entitled "Altering Material Properties”; U S. Patent No.

4,401, 477 SHELPIQRHTHEIRSMENTBMEK Processing”; and U.S. Patent No. 5,131,957
entitled "Material Properties". Laser shock peening, as understood in the .
art and as e in, . nmeans utili.zing.a pulsed |aser beamfroma | aser
beam sour ce 0915%}%{ Slcrglaéesstf’ggﬁé Sh?)‘i!{ap‘? g @depres ariculaplyy tomsthods o t i on

of a surf at@ebshopk pebniidWsinMe 8RloPah YRidLr ce at the inpingenent point of
the | aser beam by an instantaneous abl ation or vaporization of a thin |ayer

of that surface or of a coating (such as tape or paint) on that surface
which forns a plasma. Laser shock peening is being devel oped for nmany

appl i cati ogg dgG [ hpe field, sonme of which are disclosed
in the fol I ow ngR%.By.E @giieﬂniﬁlﬁ?gﬁﬂg%ﬁ;%, 965 entitled "On The Fly Laser
Shock Peening”; 5,591,009 entitled "Laser shock peened gas turbine engine

fan bl ade bagestock pe&ifig b7 RAsashbdl MdcdsBing! &t {soflsC@Birtdd to! i@%ﬂr@&g{ orShock
peened gas tarbi ne en%i n(gfrgonpressor bl ade edges"; b5, 492,447 “ent] fed

"Laser shi@KUPRE AEEHt ¥ deehnprsmRIssiver residuak usseshimparted : byb |a6a@ stdaR
entitled " Y, r a k peening';,,and 5,674, 328
entitled "Dry ft épﬁn%ggg% ggﬂ?égsagfgdé's%%elﬁgg%n?eﬁalqg t&ﬁﬁcﬂ&f U301 00f C4PTessi gned

to the preagduatiompsisgnfem high power pulsed lasers to produce an intense shock wave at
‘ the surface of an article similar to methods disclosed in U.S. Patent No. 3,850,698
entitled "Altering Material Properties"; U.S. Patent No. 4,401,477 entitled "Laser
Shock Processing"; and U.S. Patent No. 35,131,957 entitled "Material Properties".
Laser shock peening, as understood in the art and as used herein, means utilizing a
pulsed laser beam from a laser beam source to produce a strong localized compressive
force on a por.tion of a surface by producing an explosive force at the impingement
point of the laser beam by an instantaneous ablation or vaporization of a thin layer of
that surface or of a coating (such as tape or paint) on that surface which forms a

plasma.

Laser shock peening is being developed for many applicatioh_s in the gas turbine |
engine ﬁeId, some of which are disclosed in the following U.S. Patent Nos.: 5,756,965
entitled "On The Fly Laser Shock Peening"; 5,591,009 entitled "Laser shock peened
gas turbine engine fan blade edges"; 5,531,570 entitled "Distortion control for laser
shock peened gas turbine engine compressor blade edges"; 5,492,447 entitled "Laser
 shock peened rotor components for turbomachinery™; 3,674,329 entitled "Adhesive
tape covered laser shock peening"; and 5,_674,328 entitled "DI:y tape covered laser

shock peening”, all of which are assigned to-the present Assignee,




| [ has 5) en _utilized to
1- -¢----- - -- --- 12 January 2007 Laser peening 198 H} :
create a conpressively stressed protective |ayer at the out B s%drdggce of

[ [ [ [ i stance of the

, ticle which is known to considerably increase the resis

ZPt?(r:IIe to fatigue failure as disclosed in U S. Patent No. 4, 9_37,|4|21 e
entitled "Laser Peening Systemand Method". These nethods typically enpl dy
a curtain_of water flowed over the article or sonme other nethod FOI provi de
a plasma LB PRSTHEE hacbrenmtilind $o oreatieunconmmbstrel} BecsBdBHBRctife (58 & yd

achi eve shpck, Y2 §85UL Atgpaﬁgh%g‘{%ce the plastic deformation an_l_h
‘associ at egﬁr eéélli%ualEL s?r%’s@%%&tw A tocens ﬁl?l)éillft?fﬁésel_lﬁé’reﬁ#itag?éct . '?he |
b ocess ganer at ed shonk aamee s itesER b 7, et N P SR Bledomponent

ess erated shock waves i nt U _
Ere?ﬁg Lsgﬁn@;sert BeegingaPystern @nd dviethod’t. aThesomethods wpicaly efipRly §Eﬁl%ﬁ1§ g$. The

' ' I inparts a travelling shock
have i nt o os Fobed Thbhfhe SRk ihifkealaes ebindote miaveleon ploetta bynfiing | aser
V\a . ) . . . . ) h
Dl'astic syraing. oroduca oaries S TGRS ot 0P R e R ¢
&l ' roduce residu ( :
Irorlogﬁlt :Jg zé‘gt?hg%ﬁﬁgéhf? Mastipydgforngitive darsli mesbtiardottsidualb Sfress hﬁ&fﬂénﬁeﬁﬁf ng

i &in apEoush Lesls i ki ' i ticle by two [aser
Ibn;lngdﬁ or%er{et ogi ncr)eéaggé{!t ﬁhQ%Bﬁ%%lh s‘lfvgfgfﬂ’g;‘ﬁ@l%gﬂ%;ﬂfli&sg mgdimmsto

e . ‘- . . .
mat eri al . coffiec mbiedirbr BP0t ukesiad ocRHABE il 1 o df?{]ta{: Malarigl ot o

[ [ | aser
[ Istortion. There are sonme applications tor _
gﬁf)glr(l ggéﬁ%onw&eingrlﬁﬁ'& tocasenbe ‘élsbbmﬁicﬁﬂ‘temﬁrfsﬁe '&%&ﬁﬁmg& teggb?.agzt g][l ?lhe
rom each of the sides and are reflected bac romthe inter _
£WO i Niti ' e reflected waves turn into a tension
w\geel. nll'?lgaJ r e@?%g{egg&llts %ggaﬁﬁ\éﬁ%é@é@yf?%?ﬁcﬁ% W?aépﬁe’énkaé'ﬁ griravelling shooki d- pl ane

L : : : . hi gh
in- arpye amtogthe dompohéran BHiS compREMVE ShRR WY Bfked F8H sl { .
: gvtelheofS sthess at tmgm' d- pl ane. There are somne appff | cgt o] IH“%@ airfoil

| eadi ng EGYHE Mpfdegn p FPIEPESHYY ftraineinsthdecombponent. These plastic strains
produce residual stresses consistent with the elastic modulus of the material. Dual

sided simultaneous laser shock peening 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
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the article is easily accessible with a | aser beam A siﬂ%h t%' LSP
processing would be very useful but the conpressive shocC %E r'ess) wave
travelling through the netallic article is reflected fromthe other side
of the article and returns as a tensile stress wave. The reversal of the
stress fromconpressive to tensile is caused by the ‘I ower shock inpedance
of the adjoining material (usually roomair). The returning tensile stress
wave tends to undo at |east a portion of the beneficial effects of the 2
12 January 2007 original conpressive wave, i.e. |lowering the anount of
conpressive residual stress inparted by the |aser shock peening. Thus, it

i s hi ghl y dtsinal ghinprasgvé sipee, d.cs lowgrngsihd aghauas eff campredsivieassidva spescess t hat
avoi ds reduction or |oss of effectiveness of the beneficial conpressive o
strains fHBW?“VQ@%&Ré%%%%mﬁ%@ﬁ?ﬁﬁ'caused by reflected tensile waves.
SUMVARY OF THE | NVENTI ON According to a first aspect of the invention there
is provid : St i i . 1 shaal d
ot hod. conparits Mg AL BShIER) Rade 43l TPEd LRECRIoR) pBRNAl LS B2 e on a
first sidevefdssadidtia or ¢dse offlziteetivenesatofi the benatidiab ppRpicksive seamdfromur f ace on
~a back side of the article in acoustic comunication wth a shock -

at t enuat i rdgsenshaskipagning ¢rasesdyonlectest tbagile wavespposi te the | aser shock
peeni ng surface, and using a shock attenuating naterial that does not
allow tensile waves to be reflected back off the back side through the
article. TMeMIHRX Qff THRUNVENJIOB: eri al may be a material that has a shock
i npedance equal or higher than that of the article. The shock attenuating
material may be a liquid nmetal and the article made froma _titanium all oy.

One such ardcriding W fimkaspecy gkthe ipvsnten Bt in eroyided gimethodifor piaglesidedces 3 12

January zgﬁgck peening an article, said method comprising: laser shock peening a laser shock
peening surface on a first side of said 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,
and using a shock attenuating material that does not allow tensile waves to be reflected

back off the back side through the article.
The shock attenuating material may be a material that has a shock impedance equal or
higher than that of the article. l

The shock attenuating material may be a liquid metal and the article made from a

titanium alloy. One such article may be a gas turbine engine airfoil and the surfaces




may be on an edge of the airfoil. A particular enbodi nen f the d.gvention
i ncludes single sided |aser shock peening a | eading edgia2 ‘gqnuFH’Sng' rfoil.
The airfoil may be part of an integrally bladed disk. One liquid netal is
mercury. Another shock attenuating naterial nay be a solid attenuating
material and a liquid netal interface, such as nercury, nmay be di sposed
between the article and the solid attenuating material. The shock
attenuating material nmay be one that dissipates conpressive waves caused

by the | aser shock peening. Another type of the shock attenuating nmaterial
reflects BAGKLLOHRE 88 HAnS AR w@yﬁﬁcﬁmme& 3¢ tlePRGEntRAAtudReENi NG,

t hrough the "back side of the article. The liquid shock attenuating materi al
or |iquid sinpleadidddniber Sk prayinghdendivg qlgs loh theyairféib rThedhidiyil fiaxbaga® suitabl e ~
amount of netallic particles with a carrier liquid to achieve the desired
shock i mpédan&deeratlyiigdeddlisks One liguidmetal is mergavt i cl es are copper, 3a 12
January 2007 brass or tungsten and one exanple of a suitable liquid

carrier is a non-corrosive lubricant. BRI EF DESCRI PTI ON OF THE DRAW NGS
FG 11 oA WA GHRETSRSE S 0 LU0l didabiiit! RReRL 28 LAKIP! AT

met hod for single sided laser shock peening o I st stage conpressor

bl ades of nauml dntedfiaf fuchas méruidy] May &6 glishesddl BeblteenFthéSartitld snddthe solid
cross-sectional view illustration of the exer‘rPI ary method for single sided

| aser sho@kenvaidng matasial.f The tsheqka gléenvatine awtaial mhayd be i deutiat diseigaten FI G 1.

FIG 3 is a cross-sectional, view jllustration of a first alternative nethod
for singl SOPRICHIYF WALGScaUdcRY ﬁ&ehﬁ?{gsie?k geenife iAnothes fupe als thepshosk r st st age
conpr esso bl L i . i i onal view
T bstr et gl mithbS AT ok ol Rseids pbkCnated Gl AR IRELOER b OX
peeni ng Obechihgahicugh hePdcisiasot heafticlest St age conpressor bl ade

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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illustrated in FIG 1. FIG 5 is a partially diagranmti $nd &a@hzally
schematic view illustration of a |laser shock peening ap athird
~alternative nethod for |aser shock peening the article such as the first
~stage conpressor blade illustrated in FIG 1. ? FIG 6 is a cross-sectional
view illustration of the first stage conpressor bl ade taken through 6-6 in
FIG 5. FLG 7 is an eleyated viewillustration of a container of liquid
shock at t SHE&Y igetien ePf:{ Arejexappla abe switehleokquidicarries if iar son-sersapive
conpressofyyycages in FIG 5. FIG 8 is a side elevated view illustration 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

met hod an@RIBPAERCRIPIIEN OBTHE DBAGVEY@Sd | aser 4 12 January 2007 shock ™~
peening a netallic article 16 such as a conpressor blade 108. A | aser shock

peening s ace 18.on a fi,rst side.2Q_of the article 16 is |aser shock
peened V\hﬁé f P fliagrammgt lﬁﬁeﬁﬁﬁ%‘é’ﬁ‘éﬂé‘égﬁﬁi‘t@ﬁr@ffa@e@@@m aethypbbui te or -

back si desﬁéle@idécf"ﬁtse@ﬁfobl@ g@er%lg of G r&é}enSI Pféﬁgé BPaﬂma}rQrgﬁt SA0CK

attenuating material 59 th S not waves (0 $8f 1 ect ed
hack of f tllﬂ@nbangmsB&IéSEM t hrough the art| cle 16. The opposite second
~surface 22 is. opp05|te the flrst surface 18. A laser beam 104 is fired

t hr ough ap i_nment [ ain of wat 21 on the | aser
shock peef@%%sau?rf’%sc eé’h‘ r‘@g Ii“ﬁnet‘?fnﬁlﬁrya'é‘F \]f%f sipgleiskigd 19 such
as pai nt Dger shOfiepdeyim (ﬁ'ﬂﬁttthfa% FRE, hdfa igclosed in U S

Pat ent Nos. 5, 674, 329gtand SSS Hfg ‘Fﬁ)gac%ggtl nge%lfg%%go& des an abl ative

(T"Fedl um preferably over which is the C cl ear contai nment .nedi um whi ch can be
fluid ckhGal i 3 seessasctionglivient ilustratidnood adirstwalteenative metfonk fathwingle

attenuati Hed 6! ! ﬁ%ck58eeﬁ]nagt %nsarﬂgle sulc oavg &%nﬁ}slt %tavgygvc%lsnptre%sgreb{aﬁf ected
| illustrated in FIG. 1.

FIG. 4 is a cross-sectional view illustration of a second alternative method for single
sided laser shock peening of an article such as the first stage compressor blade
illustrated in FIG. 1.

FIG. 5 is a partially diagrammatic and partially schematic view illustration of a laser
shock peening apparatus and a third alternative method for laser shock peening the
article such as the first stage compressor blade illustrated in FIG. 1.

( B FIG. 6 is a cross-sectional view illustration of the first stage compressor blade taken
through 6-6 in FIG. 5.

FIG. 7 is an elevated view illustration of a container of liquid shock attenuating

material in contact with one of the first stage compressor blades in FIG. 5.

FIG. 8 is a side elevated view illustration of laser shock peened surface of the first

stage compressor blades in FIG. 1.
DETAILED DESCRIPTION OF THE INVENTION
Mlustrated in FIGS. 1 and 2 is a method and apparatus used for single sided laser
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back ‘of f the back side 24 through the article 16 may either. dis
| conpressi ve waves caused by the | aser shock peening or ‘hneaysiggzpresm ve
waves caused by the |aser shock peening back through the article 16. The
shock attenuating material 59 may be in direct contact or in acoustic
conmuni cation with the article 16. In one enbodi nent of the invention, the

f th
ool o ! GHHAE bR Sheidlic Sk B R aé?%éﬁwre'ég'éeﬁ%%&aﬁatsf‘a?m”@ogéoﬁk o
transnitt emﬂ%%uﬂb& 28 RNV AL REITRS BF ax%%ie H}%Eésrh h%élk i}%%%eﬁﬂg{lﬁ IS

di ssi pate Al ternatively, "enbodi nent
mat eri al FeRintaEEng agrapposite shonk sunfmd%’h@ﬁ Mappdshe oifefagk sife 2H@rfahd i C| e 16

h e through back side 24 of the
arti e, HHEIERE dn dep B BRERMPHDR Sith 2 5b00k atr@nmegs@ﬁ@ngh@% ot dpetiance
- di ssi pat esiot Mieow EDEIN KRS be RFRK BB BFEL bidk ShroliBh Adhilidgea ! cl €

“and, thus, elimnates the undesirable ref ecte ens e-“wave.
Al ternati leWOanarée s¢con¢k smfaoe rﬁ;las Joppositatthe fisdt sfacevidt hA MisghBéans 104 ks

her ef or e,
I npedance swoykd ¢ ted ve to he ressive and, t

benef i i allth {"E‘h‘tg @’é iSpe Bg'é’ngbﬂw%lr @eﬂwésqrébofdmal .
stresses peerdi saffadecw vitiic Es E@Jtécﬂ ity Qﬁ‘%latt gﬁ]hﬁ sﬁEﬁ } e
case, the shoc attenuating nmateria i'S. p ace I Nt na con act or

acousti c adheyiveitepa tOOfnnmcpated Surfaces as dlsclosed M.SammnyNaﬂcszsmm a?ﬂck lsn gg
h t he ui d shock attenuat| ng materia
ngth eegr {ﬁg%é?%oc %lﬁi’rﬁ&%ﬁﬁ PJQPQ gedivan greferably over ﬁb&hﬁ%fhe in

Q*r ect coecleacCéontaifient MediGAUThicE cﬁﬂ%lﬂ”'ﬂﬁﬁtdug’am"\éu?cﬂ § RSt &131 by a

onfining means, illustrated as a wal or con Ining a I'iqul ersion

of the, shwater 42l-enuat | ng material 59 on the opposite second surface 22
essentially without any air gaps between the surface and the wall 11.

T nfinin
Irrlalallrjl:t |r ﬁt e Shock é%tenﬁaﬂn% Aafdhill § G2 dLYPSoPinGE? ?Jnls{l]e waves 1o be reflocted g

back off the back side 24 through the article 16 may either dissipate compressive

waves caused by the laser shock peening or reflect compressive waves caused by the

laser shock peening back through the article 16. The shock attenuating material 59

may be in direcf contact or in acoustic communication with the article 16. In one

embodiment of the invention, the shock attenuating material 59 has same shock

impedance as the metal of the article, e.g. metal of a gas turbine engine blade and,

thus, the shock is transmitted into the attenuating material 59, without reflection, and

. is dissipated within. Alternatively, embodiment of the shock attenuating material 59

( has a greater shock impedance than the ‘metal of the article 16 and reflects back a
compressive shock wave through back side 24 of the article.

The shock attenuating material 59 with the same shock impedance dissipates the
compressive shock wave after it passes through the article and, thus, eliminates the
undesirable reflected tensile wave. Alternatively, the shock attenuvating material 59
with higher shock impedance would canse 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




FIG *3 is an enclosure 61 which receives the |Iiquid shoc tten t0 ng
material 59 through an inlet 66 and has an openi ng 68 ﬁ?“ﬁmu@ zround

the article 16. The liquid shock attenuating material 59 is held against,
in direct contact with, and in acoustic comunication with the article 16.
|f the attenuating material is a solid and inti mate contact cannot be made

Cdirectly t Lo, LN r..of. Lihguid interface 30 S

i || ustrat ‘éﬁ%é?ar? kﬁ%@@%@ebgﬁl gg@% I %’2‘{%&%?,{1{11}}3gﬁ?&sﬁt{égpﬂ@gdﬁae{lﬂﬁback
si de of t epplicditgl £siarl atbeuatiofiHatefisGlozalete3Md Held Spaik L i@ diflct SShtachn
alternative to the thin layer of liquid interface 30.is a thin layer of a
pl i abl e maPdm agoustipgompynicaiinn with theaiticla 16 py alconfiningencanaridlstegidas of t he

hock to sali . ' ial 59 flect th back -
hrough « Aavalf 11,40 E A BRI PerlBh S S it et ng hagt i RS fecnuac  ng
material 9Ppositetsheonidasuntaes 22 ekleatiddiBRithb@ 49 |as %dib@ﬂehﬁé&ndthb Rbfideand 30

, |

supplied by a liquid interface nozzl e 65 agains n direct contact, and

“in acoust e ¥ddini cation with the article 16. The liquid i nterface 30 is-
thus held on the opposite second surface 22 essentially without any air

gaps Dbet fae _ . Of lid ock attenuating
mat eri al gg.ﬁ&%ﬁgqns obﬁ?sg% ta %ﬁ%@ﬁﬁg‘i %F%rﬁﬁxg_g Igégﬁh;ﬂﬁeco “f%ﬁj?lsm?d% as
mercury f &iGu3ds antenclasurardli whith reeeieesthedliduid shddiknatednheting hiatediabghi d shock
attenuat i ter,ial gg@ used, then nercury rra&/ be a suitable materi al
for the | ﬂgﬂ‘:‘% arnn‘fl@Ffs AnQReBHEAS which fits eund theagicle b6k The Hiewidat i ng
mat eri al r 4 b Gkl s v f ART ry. i.ng pat.ticles of
(asuitan ook ook il DO 1REE ackinh iRE Borfpctlith, SR VBRSO REG et e

ame or gremmenicstimciith theedticled6t han the metal of the article. The liquid
shock attenuating material 59 or the liquid netal interface 30 may al so be

| d by mixing.a suj.tab t of metalli ticles with a
carri or 1 Tt B Pust itet 842019 8o et et okt e il Mibedance.
Exanpl es gl disedal® iih ldyer BRTibhiE! iffrBEE36, N Rhstratdd AT, hiH%RNGEg and one

exanple of a suitable li'quid carrier is a non-corrosive
between the first side and the back side of the article and the solid shock attenuating

material 59. An alternative to the thin layer of liquid interface 30 is a thin layer of a

pliable material that will not substantially alter the transmission of the shock to solid
shock attenuating material 59 or reflect the shock back through the aﬁicle 16. The
confining means uses a solid shock attenuating material 59 in the form of a block 62
to hold the liquid interface 30 supplied by a liquid interface nozzle 65 against, in
direct contact, and in acoustic communication with the article 16. The liquid interface
( ) 30 is thus held on the 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 mercury for use with an article
.made of a titanium alloy. If a solid shock attenuating material 59 is used, then

mercury may be a suitable material for the liquid interface 30.

Alternatively, Eh_i__liquid_shock attenuating material 59 or the liquid interface 30 may
be a slurry having particles of a suitable metal (for example, copper) which would
effectively have the same or greater shock impedance than the metal of the article,

The liquid shock attenuating material 59 or the liquid metal interface 30 may also be ai
slurry formed by mi_xing a suitable amount of metallic particles with a carrier liquid to
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| ubriccant. The use of the shock attenuating material 59 ﬁ%ininaggﬁ an
undesirable tensile reflected wave or, alternatively, p ﬁﬂ&' desi r abl e
conmpressive reflected wave in one sided | aser shock peening. The liquid-

shock attenuating material 59 or the liquid interface 30 nay be collected
and recircul ated during the | aser shock peening process as illustrated by

return dragj ) thod and a rat us the inventi.an is illustrated
o E G, Helify e e otk SR SE AR st RigtliePitidheaeoapes o

bl aded r otbaassSaCungdte: ahad ViR JexdfhpRX bf aOfuitable! Béui@ taficthi i with a
centerline of the gngi ne about efgé(rrpl iaf iuég by@%n intégg}'?gln'g}?%%%%?di sk,

referred tlabriggnh BLI SK 10, havi ng axially spaced apart circunferenti al
forward and aft rows 12 and 14, respectively, (also referred to as first

and secon t age r . bl ades .108. -An. annul ar ace 13 extends
bet ween the g%i g%ltgé asgﬁgggﬁt?&‘gaplg elagtﬁlb‘%lr %ﬁﬂ&&? S oy UEFEST @ﬁrste.“& €and 14
of the bl acfiwteiOBaveloBlalteihafifely,Sprolidds brdkRsble L ompHALRE réflbctedl Wajetpe 15

which is atta,chg? to a six-axis_ conputer nunerically controlled (CNC)
mani pul at &R sisled lasprshegk ipgening.oThe liquid shogk-attenudting minegaleS%serdhe ligaider shock

peeni ng appals I i L1l ustrat ed re.particularly in
FIG 5. The |%ﬁt@%ﬁb§§éﬁ%?éq1%r%%r%ef%¥&g %Fi%fgg,s%ocﬁg?rﬁﬁg R$°¢%¥n and

t ur bi ne blaaibstrasd e kdtuasdreidspressor bl ades, and can be used for single
sided | aser shock peening various netallic articles. The blade 108 is

further illustrat dd'rn FIGS. 5 6, 7, and 8 as having a suction side
surface 5 ﬁéflﬁﬂPfg?l} QPaRALORE dpvengon isydluatraipd) i FIGS ek anchd dbr wrsdned

Mithin a . 5 I i ng .edge LE of t.he bl ade
108 as palg%?lgﬁllmgrﬁr%%hﬂgﬁﬁlgsg %('E%g?i@?r?%él ]a?h%{.]%ltﬁresscggp i“'grlil ag]ﬂgeansﬁupf zf&e 55 is
| aser shookatmmehadhich thintides hither cedertine b0henbridife bbsut krekpBficlEby apr esent ed

4 of the blade 108 is in direct contact or

b ' .
azoﬁs!to |r gsirg?rﬁ%ﬁfﬁ g’fﬁdﬁﬁﬁé 21? F ?rFF'éi_ thagie &ldehud@i hgvinaaxial spased apattust rat ed
'n FIGS. Siroaforbntidrfaddbnd Yol 12'dh81824ds NG 58ROB AR e «f B8 R OCK

and second stages) of compressor Blades 108. An annular space 13 extends between

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

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
illusirated 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.

Illustrated in FIGS, 5, 6, 7, and 8 is a third alternative embodiment of the shock
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7. 12"January 2007 attenuating material 59. Aliquid versjon of shock
attenuati ngymateri al 59 is- egcl osed in athin flexible ?o‘%”g?WéiO%Zl. wal | s
of the thin flexible container 61 have to be pliable enough to conformto
the netal article 16, in this case the blade 108, and also not interfere
or at |least not consequentially interfere with the transm ssion of the

conpr essi t I ; p I ng through .t he tagllic article
ond i nto RRARRR ARHSE S EVRSERE Bel ot el s, 1

6, and 8, emelobedcinnpitéss floxiblel coaieairkd %10 aWana ofibieRin! flekble S6MARENGL hive t he
chordwi se djregtion between a | eading edge LE and a trailing edge TE of the
airfoil. 1o bnBhablesnenehingoniorm dp fhesnetabantials 16, Hiihisaasiba bidde 108aatidng LE

d il - £ hon of the.b AN ted in "
PG o proandf SRS of b RAShof RS RERALA G e b EGnfisioe STHE T r ol

34 ext end combrezsine twaved feadi thg laserdgieck pedisk tHr@ighi tAg nRelke dlicRfantigtoai rfoil .

The pressur _S|,$le 40% faces in the general ~direction of rotation as
i ndi cat ed Ml 8ol alfganating material 8% si de 48 is on the other side of the

airfoil. The blade 108 has a | eading edge section 50 that extends along the

| eadi ng e ; i i1, 34 f 1 LLEfoll fo atip
36 of the arrras o FIGGT, A leaccchh BB BRAE 1080 ot ity Rt Rt ' e
| eadi ng etigthesdhordwise directiondrpasmes leatlivigsedgd LE 4ieP4 Srailidgtedg®@TE6EHe al ong

a

t he | eadi ng,ed f irfoil .34, . The airfoil 34 subject to
ot £ 1o tor o dhard £ Fdihe Bistail Hhis e 1o hervvon jhy 1PaRedeE pahintingd by the

bl adle 103c44e0UB et B4R SEURRSAAL LOMSTABITHTHPL s P38 SUDI oCt

o vibrations generate uring engine operation and. nic tears
oper at e asndiiogtsidesciteadidatt8 grespestivelgsof thessirfoil BdoekteidBetadel ticorallingt r ess

' trat} . th he | ..shock - d tch 145 i | d
 ong 2 P h 5f UElloe FARTRGT Giaiol MIRGrESWR aider® resrn e Sbtang ¢ car s
may causedigediidh! dfBtafibn b g AGELA G0 H OV r%%g %ﬁ%hgﬂ ai‘edg%l'?}qg Sn th@3ferShoCK

peening inparts the pre-stressed reglons
' side of the airfoif

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 edgé section 50 éhcompasses 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 fiigh cycle
fatigue. Laser shock peening ilnparts the pre-stressed regions 56 having deep
compres§iye resi_dual 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
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. . . ! . .| Of
onpressive residual stresses which acts to counter fatlpzu‘%n[j 408
(p:)omt)i ons of the blade along possible crack lines that can de%l op and

: romthe nicks and tears. The | aser beam 104 is fired normal to or
S{Tagﬁt gbrique angle with respect to a tangent 8 12 January 2007 El to the
suction side surface 55 at a point where the |aser beam 104 hits the t
suction ide surface 55. The |aser beamis fired with suf.f|C| ent energy to
forma pr 2—1 3‘? r@‘s%"@ﬂon F§iserfacsed haha neint phpredbs laser beani HihitstheaasEsh

. . . . he
[ ted t r N extendin into the article 16 fromt
LU o< O BB OB ol e s
il l-ust r at eegiom 561h@ving ,conipréshive T dhD RtSisde ilﬁb':lirfegt @B9adel Q ecr%é(lj\g ci%

12
: : ; he
- d regi.on 56 of conpressive residua esses ex mto t
Elr SdZt rlggg’%FP‘ﬁlﬂgtlmﬁt‘ge article |l edrom the suefibreside sanfaoeXﬁméﬂ ]?zrsyr Fédi@d‘iﬁi%s 22 kof a
I ngl e si ean| tys and net hod for |aser
eoni ng-  heoreadres sBolg et B LRERICT 3o i pecissbomoun: ed
on a rot owhahetienireistréased repfi@r 56501t dingBbdsHie regiguanglﬁsﬁté}?&d's Snto IS Eia €
for the | gi edges LE of the forward row 12 of the conpressor ades
108 but nﬁ@ T)E&ijsed with any netallic article. In the exenplary enbodi nent
of the invention, overl apping adjacent ones of Lhe Iagir spots 20$3£?ion
d i | ' of, .| aser .beam 104 .over

Si do. surf aee ber MLIGS RS B8 83 nbechibfony SRoamicifo! AcsnelE sidedonk peane

i i acapupaebmethot! faf tisd:0shot e peaiy & 1baditdEadd ik wee 15
:/\Ei E:Eei :mf]gfgmén%-gﬂ;h Sl x- axios corrputer0 aneri cally co.tr%ﬁfeg (CNO)
frani pul attg% 845 o Ifg‘%Fsel?lf"éﬂFel@SimPWQﬂ o5 TOt?I clela?}éslh@ﬂ:rgtudtzis?lm E}LLQ[IISE) ;1 2]{ ed

in the exmprRe ' I i ona an _

axes Tabe | ed e Ras B Raed 6 BETNARYY IR L oo Siyardrma b A o
and C rot@rinsesspr birdes 108blmit Ineay He uddd Wil afy nicRBRE Giicle! My thd!dxe 1ahi ch are

The, mapi pul at or 127 noves and positions the

ﬁf;gegkg%@ﬂdﬂngﬁgﬁg r}{l‘rfgﬂ%gﬁ, 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 XY,
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
( F* 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 preferébly 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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The lraser shock peening system 101 has a conventional | ner at or
131 with an osc!ol | at o?, g pre-anplifier, an optical tr:ﬁ{%ﬂgg&?ﬁggi rcuit
having an anplifier, and optics 135 which include optical elenents that

-transmt and focuses the |aser beam 104 on the coated surface of the bl ade
108. Before being | aser shock peened to formthe | aser shock peened patch

145, the syction sid sg{lf ace 55 is coated with an abl ative coating such
as paint or  JandErira HoN84E Ame wpvoidhbelaser spoisitfcthe sustieti sidé pufade 5HisU. S.

A T e 2 T L A A

medi um preferably over which 1s a clear con
cl ear fl uishodkygreenddn such as the curtain of flowing water 121. 9 12 January
2007 Between passes along the same row of the | aser spots 60, the suction -~

side surf 5. ks recaoated such that there is always an abl ative coating
over the gglrgflgsgé bB%PrFS‘Oqéy?e‘ﬁ‘ce H53 Corapisesive mskluphsteessesoanm mrhdugkd ibyduced
deep conpigrhtivdy KEab dtahses i Dy repetdtively firing the
| aser bearr?ffoﬂlf,ﬁyvmli clg"l i's ?jef 8%32123’ ?Bi?g\%r %1%@%% le%vt\;ewé'ﬂgs tf?wﬁ?ﬁs O)f\khmc)h

" respect t ¥ithheseeshte dhe worted rsusticte silar funtace 55 off thehsudiont i@ 481 sled8 of the
conpr essor ade am 104 is fired through the curtain of

. e ser b .
fl owi ng ﬁ%‘ﬁé’iﬁssfﬁ%’i)a%ﬁdﬁgr eJ&ﬁ%&sﬁr E‘Eﬂ‘ﬂ/éaﬁ ioHEd theaush the cprteiniafoflowing curt ai n
~of fl ow ngawatler S af : t.@d ~sur S he coating is
abl at ed ggge(at i ?llép%lé%?rg do\%hw?rglﬁﬁ%‘@gﬁ@z?%agﬁoﬁ’ mct'a@%%%fﬁ"t‘ﬂggwhace of
the mater 13l Is fewed ougrl thei coatadasuefacas. s TML 'coating f3eablsed defera@@i plaliRa SUT f ace

i tabl e. al ti t int. T ti terials include
motal i o PR bR GRS s Snithe e a6 T mupase dOthar tgvermelorals Nos.
~5' 674, 329mantheSudd h . . Lr ed~towards t he
ande 4033t tHR8FahRC %P%Iéeilte?ﬁﬁg{eg Cllé 1;%?%. ggh%slse aciogfl{l

coated surfaces by the curtain of oW ng wa § avel | i ng
shock wav@ateripls incdudgrnactaligdoll or adliesive phastic tapt abdisolysédia 10.SaPasn Wl aces.

_ rgfeﬁg}){ ;5,0 ’?(’:z?ﬂlrrglrldes 20 tejiSy Offhegehgﬁo%ks\ra}g\?elé e;./rvg Vrg i gcet"éde%gvar}gs tﬂrllee cgaetgti[ h and
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 pm) 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
cont;o_lled manner. Ablated coating material is washed out by the curtain of flowing

water121.
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stresses. The ablative coating is used to protect the taﬁg t %ggﬁafe and
al so to generate plasma. The abl ative coating is used to‘%wg he
target surface and also to generate plasna. The | aser beam shock i nduced
deep conpressive residual stresses in the conpressive pre-stressed regions
are generally about 50-150 KPSI (Kilo Pounds per Square Inch) (340 - 1030

20 50" m 1 < HeagpPS b kAT BEdE BEGH, it DypGne bemi weblst . The

conpr essorinkemetally novingrteaslaghiddentiine il RkdaRakYodi Yi%;f‘? beans
are fired thr oughﬁt he curtai n of fl'otimgng watrer 12(11{1{5%%0&% coa g%&gducti on

si de | aseradifseretidases shpekipesned spnts arechif br diffecertt sequepesse d@pavet, thadaer shock
peened- sp vement s done increnentally and stopped at each o
| ocati on -%Leg?lel;[ hee %?)v?@sfeggb‘fsgs% ngsir%a_tgyp ‘5‘8"%1”6‘? gtwegn thenpgagt andk 124 i s
used to mokklsaifeceans effodted.0l Ak RBE it 8 %&n@ﬂ?@& oS HR! ﬁﬁhé%%tfe fire
ntro : a

the | aser beans on the coated surfacés in a ¢ ed nmanner t ed
coat i ng m&eeinuguslyjmovedswikile enmtinkgustyher inoremmintallyffirfgothe hger bateon fi2l. 10 12

T ot at oo AT R B Rer Rhock Reiok SR e by R gsERE RS, ERERUNG ng ¢ ne

| aser beam'ﬁﬁ,%lsgelﬁﬁ&ﬁe@n&hgF@%@r}t@eﬁiﬁgj_acent | aser shock peened spots are
hit in different sequences. However, the |aser beam nay be noved i nstead
just so lqQng as relative novenent between the beamand the surface is

ef f ect ed. Wiieafierg ihpes \peen descaibed hersim vdiat dre lvansiddned i ddepreferreth eand

cont i nuou i: [ l.v_or. increnmental ly firing the, | aser

eam or ¢ e Rl B MR A Moy SBRE R Beelins gt U teebiony s
i'scl osedshall bk SppRenens tNse skiledSR, B Sart Fnh the deackigd Merd ¥nkageh

Peeni ng". Wil e there have been described herein what "are considered to be

pr ef er r ed theFrforee desited dp pe spperl ingthe eppended elaime ol such modificatons astfalir
nodi fi cat | i Avent j l. ppar.e 0 those.skilled in the
art from ?ﬁm&;t@%% ﬁséjg %@e%cﬁ&a%ﬁ@gi‘%"q%gmg’ KeSRingty), W 5 asred t5 e

secured by Letters Patent of the United States is the invention as defined and

differentiated in the following claims.
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therefore, desired to be secured in the appended cl ai ns ,?fj suctbrw

nodi fications as fall wthin the true spirit and scope FHEY 5nti on.

Accordingly, what is desired to be secured by Letters Patent of the United

States is the invention as defined and differentiated in the follow ng

claims. (1 11 12 January 2007 CLAIMS: 1. A nmethod for single sided |aser

shock peenpﬁéll?ﬁ:arti cle, said nmethod conprising: |aser shock peening a

| aser shock peeni urface. a first side of said article, while

i nt i ity o DO RY S elcuf Ber ehid BinRepn Rts RIS arcicle in
acoustic c pcation with a shock attenuating material, the second

" surface is og%osrl%a'e the | aser shock peening surface, and I, using a shock

attenuati ng nRk@'shatk hdbaingdORSertabclopecdmgl Rifakd dnLFBEsill® oP&aid afticket ed back™

of f the back side through the article. 2. A nmethod as clained in claiml .

wher ei n t hehdd atdintainingn e toppositeateeondilsuifscea or bdhickl sidet af thenarticheinar ti cl e

is made froma_ titaniumalloy. 3. A nethod as clainmed in claim2 wherein

t he. arti cl ¥opgficeogugunication ieition ghaek attgnyatiggmaterial,1 2 January 2007 4. A

method as clained in claim3 wherein the surfaces are on an edge of the

airfoil. 5. A nmethod as clained in claim3 wherein the surfaces are on a
| eadi ng edge e sepend sirfagois|oppesiteAhataspigdiosk pesny at6 3 ai m 5 wherein the
airfoil is part of an integrally bladed disk.

using a shock attenuating material that 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 and the article is made from a titanium alloy.
3. A method as claimed in claim 2 wherein the article is a gas turbine engine

airfoil.
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7. A method as clainmed in cIa|m2 wherein the liquid rret@tj,ﬂﬁjgﬁ(ﬁéo%zry. 8. A

nmethod as clainmed in claim7 wherein the article is a ga ngi ne
airfoil. 9. Anmethod as clainmed in claim8 wherein the surfaces are on an
edge of the airfoil. 10. A nethod as clained in claim8 wherein the
surfaces are on a |leading edge of the airfoil. 11. A nethod as clained in

claim 10 wher eiamith®l Aiclaiidd in cRinpRivherdin ta buifide€QE ah hyedpk atdair@itsk. 12. A
nmethod as clainmed in claiml1 wherein the shock attenuating naterial is a
solid attenuath megthodeseeliigied il @aimA3 mittecdtha surtabei ane dn i deadingiedgel & thair t her
conpri sing dispo ing a liquid nmetal interface between the article and the
solid attenuat P 1materi aI 14 A nethod as clainmed in claim 13 wherein the

ticl t hod | | -
14" wher ei n & he SHFPRLECHRT Gh Sai 8 et of R T Bl o puE BRRbG as |

clainmed in claiggl5 wherein the surfaces are on a | eading edge of the
airfoil. 17. A nmethod as clained in claim16 wherein the airfoil is part of

an integrally Iplmaeesd asdiafifed id Blainfe WhirbidtheaRudln@idMRdndréurgl @i m 2 wherein the
liquid netal interface is nmercury. 19. A nethod as clained in claimi1

wher ei n shdck atmﬁhnglatsnhgnerdanelamrmwucrszsnmnemmegaﬁpmesmleugna/mcﬁls caused by
the | aser shock peening. 20. A nethod as clainmed in claim19 wherein the
shock atter?uat ﬁﬁ@etmaéﬁiamcdﬂ%clanwamrantw@@ce%aomwdaﬁ pitbe ¢irfpis ade from

atltamum 1. A nethod as imed in ¢laim 20 rein the article
is a gas tL} 2‘6“‘3%‘5‘ Helapmpd i ¢lamm é?’%erﬁ%nﬁ]é?ﬂ% ceé:f:‘recf’%iam%gmgﬁ %?IOQL the 21
wherein the sup fd%ﬁes are on an edge of the airfoil. 13 12 January 2007
23. A nethod as clainmed in claim21 wherein the surfaces are on a | eading

edge of th@i. A method as claimed in claim 10 wherein the airfoil is part of an integrally bladed

disk.

12. A method as claimed in claim 1 wherein the shock attenuating material is a solid
attenmating material.

13. A method as claimed in claim 12 further comprising disposing a liquid metal
interface between the article and the solid attenuating material.

14. . A method as claimed in claim 13 wherein the article is a gas turbine engine airfoil.

15. A method as claimed in claim 14 wherein the surfaces are on an edge of the airfoil.

16. A method as claimed in claim 15 wherein the surfaces are on a leading edge of the
airfoil.

17. A method as claimed in claim 16 wherein the airfoil is part of an integrally bladed
disk.

18. A method as claimed in claim 2 wherein the liquid metal interface is mercury.

19. A method as claimed in claim 1 wherein shock attenuating material dissipates
compressive waves caused by the laser shock peening.

20. A method as claimed in claim 19 wherein the shock attenuating material is a liquid
metal and the article is made from a titanium alloy.

21. A method as claimed in claim 20 wherein the article is a gas turbine eﬁgine airfoil.

22. A method as claimed in claim 21 wh.ercin the surfaces are on an edge of the airfoil,
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airfoil. 24. A nethod as clained in claim 22 wherein the ?Jefnugyz g9 Ppart of
an integrally bladed disk. 25. A nmethod as clained in c alm erein the
liquid netal is nmercury. 26. A nethod as clainmed in claim?25 wherein the

article is a gas turbine engine airfoil. 27. A nethod as claimed in claim
26 wherein the surfaces are on an edge of the airfoil. y;. 28. A nethod as
cl ai med i n 23| aidmn2ihodvieslginad irh@aiml1f Wiedn tHeGubitcfak ©adi ldingdde: &fthé he
airfoil. 29. Anethod as clained in claim?28 wherein the airfoil is part

of an integral kigfodl aded disk. 30. A nethod as clained in claima19 wherein

the shock agttenuating material is a solid _ attenuating material. 31. A
met hod as cf'ai Medeibed & diiped e ?lﬂm?ewh%ﬂﬁﬁ il g 9 gé‘i‘ ety ibladedi et al
interface bet g the article and the solid attenuating material. 32. A

method as clai M8d in claim31 wherein the article is a gas turbine engi ne

airfoil. 33 %rﬂaﬁcﬁmcﬁ%nel%ﬁlhi%{jzdv@he%ﬁih@lé%d%@aﬁ?s‘n%r&u%? surfaces are on a

| eadi ng edge of the airfo nethod ds clainmed 1 n claim 33 wherein

the . airfoil26] s Apagthodads cRiinddTh eiginedd Whddiage drticll is X gas Babinferpichaehiias cl ai med
in claiml wherein the shock attenuating material reflects back

conpr essi v&7s hdakethal e slageedse dailn/2 & wWeerdimthe surfiteche peearnidpgofithe adigh t he back
side of the article, 36. A nmethod as clainmed in claim19 wherein the
article is2fadé Petbef 28 daimghingdainy A6gyhereirgthe surfapst #1e @ adeadingicdesdofithe ¢l ai m 36
wherein the artljmc e is agas turbine engine airfoil. 38. A nmethod as
claimed in claff®87 wherein the surfaces are on an edge of the airfoil.

\ ggger;mE E% a3 ALAIRL1iRed RS WL IR ARsh R P 36 & infefngBraded €201 NY
disk.

30. A method as claimed in claim 19 wherein the shock attenuating material is a solid
attenuating material.

31. A method as claimed in claim 30 further comprising disposing a liquid metal
interface between the article and the solid attenuating material.

32. A method as claimed in claim 31 wherein the article is a gas turbine engine airfoil.

33. A method as claimed in claim 32 wherein the surfaces are on a leading edge of the
airfoil.

34. A method as claimed in claim 33 wherein the airfoil is part of an integrally bladed
disk.

35. A method as claimed in claim 1 wherein the shock attenuating material reflects back
compressive shock waves caused by the laser shock peening through the back side of
the aﬂic;e.

36. A method és claimed in claim 19 wherein the article is made from a titanium alloy.

37. A method as claimed in claim 36 wherein the article is a gas turbine engine airfoil.

38. A method as claimed in claim 37 wherein the surfaces are on an edge of the airfoil.

39. A method as claimed in claim 37 wherein the surfaces are on a leading edge of the
airfoil.
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airfoil. 13a 12 January 2007 40. A nethod as cl ai ned in1£b I god/ynerei n
the airfoil is part of an integrally bladed disk. 41. A'nethod as cl ai ned
in claiml wherein the shock attenuating material is a slurry including a
sui tabl e amount of netallic particles mxed with a carrier liquid. 42. A
method as clained in claim4l wherein the netallic particles are made of a
nmetal chosén fA ewhad g duimedfn cEitrad S whéereih Ukl AgoiC BRRARIOL ab id&Sallyailddlell uNgsSt en.
43. A nethod as clainmed in claim42 wherein the carrier liquid is a
non-corrosive diskbricant. 44. A nethod as clainmed in claim 12 further

conprising disposing . a slurry including a_ suitable anmount of netallic
particles rilxed WetRd a5 elaimed & clpmy §ivdefsin (e shpek pienyptinegnerial iy $HEY sol i d

attenuating ”atiecﬂd‘%{ 2 31A1'1 bl Aamr(r)etthO gnef@.cclagicgpd.ie Wctllr%](;‘}li m.41_4li vvhdarei n the
metal lic particles e nade of " a" Mstial® PENSE &P M s olp of netal s

i ncl udi ng CRPPA mefb@SSolaiRBHint dUAASH Shherdibihe ‘ﬁ‘xe&ﬁ%c[}ﬁgic@ afe! Iﬁ'ddgg)g alnfbz€l @l M 45

wherein the carrier liquid i1s a non-corrosive bricant. 1
chosen from a group of metals including copper, brass, and tungsten.

43. A method as claimed in claim 42 wherein the carrier liquid is a non-corrosive
lubricant.

44. A method as claimed in claim 12 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.

45. A method as claimed in claim 44 wherein the metallic particles are made of a metal
chosen from a group of metals including copper, brass, and tungsten.

46. A method as claimed in claim 45 wherein the carrier liquid is a non-corrosive

lubricant.
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