- 710 Mareh 2005 LASER SHOCK PEENI NG TAPE, METHOD AND ARTI CLE BACKGROUND OF
THE I NVENTION This invention relates to |aser shock peeingchR005 part and

-?to a-tape, which includes an ablative nmedium for producing |ocalized
conpressi ve residual stresses in the part. Laser shock peening (LSP) is a
process for producing a region of deep conpressive residual stresses over
a surface area of a work piece such as a part of a turbine engine. Laser
shock peening typically uses nmultiple radiation pulses from high power
| asers. The pulses or "hits" produce shock waves on the part surface. The
part surface is generally coated with a paint or tape, which functions as
an-abl ation nmat erighSERGIFOCKPEENING TARE MMETHOMAND eri al vaporizes from

~contact with the aser beam The raFid vapori zation produces a shock wave
which travels into the metal, créBI¥Hd conpressive residual stress through
plastic deformation. A confining mediumcan be enployed to direct the
shock waves into the part. The confining mnediumconprises a transparent
Lgéegrgigggﬁgé%gpggﬂng@ﬁzﬂ¢¢5ﬁﬁﬁmqrent plastic or a curtain of water. The
L. ( onpressive stresses in the part, which considerably
increase resistance to fatigue failure. Ablative tapes have been devel oped
][O provi de the LSPTiabinattom relates ¢o lasdr shogtkepeeripa 6f @ RArt abhiord @S- an adhesi ve
ayer on

ne .side of an.ablat.iv : g
tyoi cal | yoGEaR e e TRl Sor B Elring KERAEormBRaBR AU (TER iati on
may be dyestq if gRgaked pul ses of the laser beamto the sane tape

Laser shock peening (LSP) is a process for producing a region of deep
compressive residual stresses over a surface area of a work piece such as a part of a
turbine engine. Laser shock peening typically uses multiple radiation pulses from

high power lasers. The pulses or “hits” produce shock waves on the part surface. The

part surface is generally coated with a paint or tape, which functions as an ablation
material. Some amount of the ablation material vaporizes from contact with the laser
beam. The rapid vaporization produces a shock wave which travels into the metal,
creating compressive residual stress through plastic deformation. A confining
medium can be employed to direct the shock waves into the part. The confining
medium comprises a transparent layer of material such as a transparent plastic or a
curtain of water. The LSP process creates compressive stresses in the part, which

considerably increase resistance to fatigue failure.

Ablative tapes have been developed to provide the LSP ablation

material. The tapes can comprise an adhesive layer on one side of an ablative layer.
However, an ablative tape typically used in an LSP process can degrade during use.
The degradation may be due to repeated pulses of the laser beam to the same tape
-area. Degradation of the tape results in “burn spots” and damage to the underlying
part surfaqe. The part can be repeatedly re-taped to prevent same area pulse damage.

However, re-taping is time consuming, labor-intensive and costly.




area. Degradation of the tape results in "bum spots” and damage to the
underlying part surface. The part can be repeatedly relxMpst 2005 prevent
sane*area pul se danage. However, re-taping is tine consum ng,

| abor-intensive and costly. 10 March 2005 There is need for an LSP tape
process that requires decreased retaping. |In addition, there is a need for
an i nproved, resilient ablative tape for use in an LSP process. 10 March
2005 SUMVARY OF THE | NVENTI ON According to one aspect of the present
invention, there is provided a tape conprising an ablative nedi um
conprising a poly i I I to
anot her aspect ofnﬁﬁgﬂgggggﬁﬁggﬁggggﬁgﬁ%k?%é?gql %%ggéFgggf%ggﬁg%hod for
treati ng la additibacakerofis @ncdlist anaitrproved)esiliait ablatibetapt épusofn ad8B/i ng a t ape

..onto a substrate surface, the tape conprising an ablative medi um conpri sing

a pol ymdH9GRd di spersed netallic conponent; and irradiating the tape to
abl ate the ablative nedium The invention may provide an inproved abl ative
tape that withstands repeated application of |aser pulses. The tape may
~conprise an abl ative nmedium conprising a polynmer and dispersed netallic-
conponent. I n an enbodi nent, the invention relates to a nethod for treating
a surface of a substrate. In the nethod, a tape is applied onto a
substrate surface. The ablative tape conprises an ablative nmedi um
conprising a polymer and di spersed




nmetallic. conponent. The tape is then irradiated to ablate the abl ative
nmedi um | n anot her embodi nent, the invention rel ates tagavakh00$ €,
conprising a substrate and an abl ative tape applied to the substrate. The
abl ative tape conprises a polymer and a dispersed netallic conponent.

BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is a perspective view of a fan

bl ade t : I .S a cross-sectional view of the fan bl ade
*JOFRRARSEOR 3HE VAN

in FIG ena perspective view of the blade of FIG 1
taped and nmounted in a | aser shock peening system 3 10 March 2005 FIG 4

is a partial crossag@edih®@sbndBhedt oL !p?éseﬁt]?iﬁ%mfohcth\é}eelwfp?{;vih&ea setup in

FIG 3; FIG 5 is a schematic illustration of a pattern o aser shock peen
ci r cul artappotapiising ah abkitive hegkum esmpsivinkas polylleBSand dispeRed chaTaE | C
illustration of a particular pattern having four sequences of |aser shock
peen ci rempneRpots; and FIG 7 is a graph showi ng the renaining thickness
of tapes (remaining tape thickness after several |aser pul se

applications). 3a 10 rch 20Q5 DESCRIPTI ON OF THE.|I NVENT|I ON Mannava et
PP ORG OBal 2% gAcpoNBaE IoAmOmes SxperiattfBipiSAent inYetiam Sesee 1s provided

a method for treating a surface of a substrate, comprising the steps of: applying a tape
onto a substrate surface, the tape comprising an ablative medium comprising a
polymer and dispersed metallic component; and irradiating the tape to ablate the

ablative medium.

The invention may provide an improved ablative tape that withstands
repeated application of laser pulses. The tape may comprise an ablative mediam

~comprising a polymer and dispersed metallic component.

In an embodiment, the invention relates to a method for treating a
surface of a substrate. In the method, a tape is applied onto a substrate surface. ‘The
ablative tape comprises an ablative medium comprising a polymer and dispersed

metallic component. The tape is then irradiated to ablate the ablative medium.

In another embodiment, the invention relates to an article, comprising
a substrate and an ablative tape applied to the substrate. The ablative tape comprises

a polymer and a dispersed metallic component.

'BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of a fan blade to be processed,;
FIG. 2 is a cross-sectional view of the fan blade in FIG. 1;
FIG. 3 is a schematic perspective view of the blade of FIG. 1 taped

and mounted in a laser shock peening system;




peening a netallic part by firing a |aser onto a surface of a work piece
such as a turbine engine part, which has been adhesi vdalpyMeryenesl by a tape
havi ng an abl ative nedium The tape can be a self adhering tape with a
confinement nedium ablative |ayer and adhesive |ayer. Continuous novenent
is provided between the part and the |aser beamwhile the | aser beamis
fired in repeated | ses onto the taped surface qf ~the part. The pul ses
‘vapori ze the abl allﬁt}eﬁr’r%ﬂipaﬁﬂa{ gropypertisnpliand & %Bﬁsscwtwgwewﬁ Tonpr essi ve
resi dualseﬁlhri?ﬁ@%.that extend bel ow the part surface. A confinement nedium
may be use 0 increase the depth of conpressive residual stresses. The
present inventionmgl 8tgs, E&eﬁﬁtib@ﬁﬁ@a%@n%'aaﬁ)hﬂ&nmbéﬁpsfh%k eert aP€ that
can be used in Mannava et al. and other LSP processes. The nmedi um has an

i npr ovedircolatisjorosasa labatshackvigseh agdaces| y accommopdat es nul tipl e overl appi ng
LSP laser hits to the same area. Typical prior art media can w thstand one
hit (1X) or two Hil€s6(i2x)schemativeillwsiationooft & partignlar patbean bawing foesul t, a
sequence of shocks st be carefully caontrolled or the part nust be

r epeat edPYrenessHidaser shosk pecs enlsr spe® anfnventi on can sustain up to 4X hits

and greater witho radat.i qn. .The inproved, . robust.ness of the inventive

nmedi um resul t s in%zG'(siﬁ <t SRR %fo“flﬂ% gﬁ&}’ﬁ‘“ﬁ CE(P ,Otfta\pgf)gfmﬁﬁlﬂflgcost of an

LSP pr oggshickies enaidv@hings, L WS Snaiblsh. becone apparent fromthe

‘dr awi ngs andc fol ' owi ng det girpgig gﬁslgcﬂssllis n, which by way of exanple

wi thout Iimtation describe preferred enbodi nents of the present

invention. FIGs. | and 2 illustrate a turbine engine fan blade 8 for |aser

shock peening (LSP) process, as enbodied by the invention. The fan bl ade 8

is representative of various turbine conponents within the scope of the
i nvention. The
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gtggsaﬁlLornstatsubstrate for the LSP process. The.substrate can be a
fpesy coﬁpr?ée ; ?nlunlalloy, steel -or the like. As is Koavach2bes superal | o
- Ry comp 2005aTh e?st one of plckel-, cobalt-, or iron-based naterials -Z
10 March 2008 8e an blade 8 is in an as-nounted position in a turbine-

The fan platfornmggnprlses an airfoil 34 that extends radially outward from
a blade pratform3 to a bl ade tip 38. The fan bl ade 8 also conprises a
Lodialy i mard end 3o A biade root 42 14 connectad to the ol atfo
| . _ is conn

a bl ade shank 44. The airfoil 34 extends in a .gﬁgsgm;getgﬁrgL?}Lgrggfgegﬁ

a |l eading edge, LE, and._t i d i
[ , , . ge, TE, of the airfoil 34. A
of the @ES@IIPTQN@FEHEJ%@%—#%& t he | eadi ng edge and the tr;ihf)irﬁi; gage

at each cross-section, as illustrated i
_ ( : _ , n FIG 2. A pressure Si
airfoil 34 is di S%ﬁﬁgvé&aﬂﬁugahﬂ.y,ﬁma@s eeaavr;csamﬂ?pdcﬁfrl@@f?@:ﬁ, eag6i (r)lfji E:Qte ed

by arrow V (FIG A suction sid i
. \ . 4 i
the ai r fkhingd4 metalliepart by ﬁﬁ@gameq@?%%gqﬁagf%‘?’g’eré%i iu%ﬂg%)teggr m'sij\?vgyOf

between faces in a choy.dwm s i ' : : .
| eadi ng teebie &8 ‘gélfmmﬁsle%%h ag%g%@scoglag%g?tﬁ rt]égiegdmng ahubfh.? dcf Lrgr LFSZea

| T foi
| \5)\/: SE 1;] or %‘éﬁ?%lg tr[rhg g@p@c_@l‘ﬂse & Beﬂf-ic&eriifg @pk e argnfingragd I“ES’G%“%‘T@I%H&% a first
M ath, , nprises_nicks 52. Such. ni
]g;{: ggéd:ﬁrﬁifsl(si afi@swaﬁaysr-afa@t Péwohﬁ%ﬁ?g‘sgfé&ﬁ‘?ﬂﬁs%}“?%% ﬂﬁgg@fm?smﬁi Lﬁr ”§3c| e
bl ade g faser beam LIRS 1adet BEANMY 58d & Rpéasedarisep pojodbrteacd sBGHAL t he fan
the part. The pulses vaporize the ablative medium to form surface spots having deep

compressive residual stresses that extend below the part surface. A confinement

medium may be used to increase the depth of compressive residual stresses.

The present invention relates to an improved ablative medium fora

tape that can be used in Mannava ¢t al. and other LSP processes. The medium bas an

improved robustness that advantageously accommodates multiple overlapping LSP
{aser hits to the same area. Typical prior art media can withstand one hit (1X) or two
hits (2X) at the most to the same area. As a result, a sequence of shocks must be
carefully controlled or the part must be repeatedly retaped. The medium of the

invention can sustain up to 4X hits and greater without degradation. The improved

robustness of the inventive medium results in a substantial improvement in time,

labor and cost of an LSP process.

These and other features will become apparent from the drawings and

following detailed discussion, which by way of example without limitation describe

preferred embodiments of the present invention.

. . FIGs. | and 2 illustrate a turbine engine fan blade 8 for .1aser shock
' peening (LSP) process, as embodied by the invention. The fan blade 8 is

representa\tivc of various turbine components within the scope of the invention. The
blade 8 forms a substrate for the LSP process. The substrate can be a superalloy,
titanium alloy, steel or the like. As is known, the superalloy may comprise at least

one of nickel-, cobalt-, or iron-based materials.
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Crack propagation is . due to tensile stress fields.generated from
centrifugal forces and vibration during engi ne operati@Matdhtots can | ead
to undesirabl e turbine conponent operation and possible turbine conponent
failure. The pressure side 46 and suction side 48 conprise |aser shock
peened surfaces 54. Regions 56 exhibit deep conpressive residual stresses.
The regions 56 can be coextensive wth the | eading edge section 50 in a
‘chordwi se direction with the width W1. FIG 3 is a schematic perspective
~view of the blade of FIG | taped and nounted in a | aser shock peening

. systemand FIG 4 is a partial cross-sectional and a partial schematic
view of the setup iTheEu@blad: 8 Ref en ni-mguited péBioBinartdrbileGThé fat he fan bl ade

8 is sh ted. | posi,tion to eff | h ing. .The |
Shook peuiFTCgLisEnreup Pt el e il o FRTHAGRE SRC BB o and o
pre- ampl ith a@lade dipdBs: ThbQarliEdd8 2808 ntpriReaim e kédibeuo tieabndseeds the

pre-anplified |aser beaminto two beamoptical transm ssion circuits. Each
optical tredinkyinseird o pletfdrm 369 a ashiglhy igward gndt37a dgbladewehtl Bnpl i fiers 30
and 32 an [QRL i ' ' . r beam 2 onto
bl at | ve PGB N EURRL I SRl U BRERR e R0 SR RS, | E]

accor di nghb@ivtiseedirdctivebétiveth a [Ehdingbdge! LE eandadiiling dge, CKBYpf ileadf@l pol yner 23
and a dispersed netallic conponent 25. "Dispersed” in this application
means W d€ty spread through the polynmer and does not necessarily nean
(although it includes) finely divided or colloidal sized particles in the

pol ymer. In fact, thendil@loftife 2GePNEalline BewREn L 184:ng ddeahd B! uding in
the formof a flake, Eartl cle, aggregate, filmor layer., For exanple,
S - trailing edge at each cross-section, as illustrated in FIG 2. A pressure side 46 of the
airfoil 34 is disposed to generally face a rofation direction, as indicated by arrow V
(FIG. 1). A suction side 48 is disposed on the other side of the airfoil 34. A mean-
line, ML is defined to generally extend midway between faces in a chordwise

direction.

_ The fan blade 8§ further coinpfises a leading edge section 50, which
extends along the airfoil 34 and the blade platform 36 to the blade tip 38. The leading
edge 50 includes a first width, W1, that comprises nicks 52. Such nicks 52 are
generally formed during use of the fan blade 8. The nicks 52 undesirably act as high
cycle fatigue stress risers, from which cracks can propagate through the fan blade 8.
Crack propagation is due to tensile stress fields generated from centrifugal forces and
vibration during engine operation, which can lead to undesirable turbine component

‘operation and possible turbine component failure. The pressure side 46 and suction
side 48 compnse laser shock peened surfaces 54. Regions 56 exhibit deep
compressive residual stresses. The regions 56 can be coextensive with the leading

edge section 50 in a chordwise direction with the width W1.

FIG. 3 is a schematic perspective view of the blade of FIG. 1 taped and
mounted in a laser shock peening system and FIG. 4 is a partial cross-sectional and a
partial schematic view of the setup in FIG. 3. Referring to FIG. 3 and FIG. 4, the fan
blade 8 is shown mounted in a position to effect laser shock peening. The laser shock

peening system comprises a generator 31 having an oscillator and a pre-amplifier, and
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.tafilmwth a pignented plastic backing is excluded fromthe present

i nvention. The term"netallic conponent” conprises netigiarch2edEnent al
form alloys, nolecules, other suitable netallic fornms and conbi nati ons
thereof with non-netallic conponents. Preferred netallic conponents are
substantially opaque and are capable of being ionized to a plasna. These
“pignents include magnesium calcium strontium zinc, titanium scandium
~and other transition netal elenents and conpounds. Mst preferred are

el emental al um num alum num alloys and al um num conpounds. The pol yner of
the abl ati ve nedi um can conprise a thernoplastic polynmer, such as a '
pol yol ef iarhcafrsplitieratvhigh fidvds thelpyerempliBedlagryibypmn dpy Membsam pptioget hyl ene

pol ynmer or copol yner .t hereof .. The netal | i t . b i ded i
DDl 2t ve Bt P AraHy: EeGHBRR RS Sr e TR A BB NE A8 t o about 6

wei ght  %g. FhitaRNlifiels30and B2 hRT &fpeloprRDaHicEBHto frit@maddnalfbots lawedi um can
additionally conprise carbon in an anount of. not |ess than about | weight

% | n ondeanioditmatiativettips S¥bl at i ve conposition conprises al unm num and
carbon. The carbon can be present as a carbon black or other forns of

el enental carbon. Hﬁ&?%ﬁﬁg‘gg%gg%iaatﬁtgﬁs%@é;#g&ihgﬁeé1%963“%%@13-6 10 March

2005 conprise abou . um num an out 1 to about 15

glel ght b‘VoimGaatibmr‘Ihclabmivmh&uﬂnrﬁItdohmriemmpﬁlymerm ande dispdisadmetaliy | ses about
to about 10 weight. % al ym ' 9

prefer ab|c9magygﬁﬁt 2@9“Di5pgrsedu?r11 tﬂ%’s@pf} 19atgg%¥éansg wgd%lyas%?e%% tl%‘o\{x\gﬂ g}fgt % carbon and

polymer and does not necessarily mean (although it includes) finely divided or
colloidal sized particles in the polymer. In fact, the metallic component can be in-any
form including in the form of a flake, particle, aggregate, film or layer. For examiple,
a film with a pigmented plastic backing is excluded from the present invention. The

~ term "metallic component" comprises metals in elemental form, alloys, molecules,
other suitable metallic forms and combinations thereof with non-metallic

compornents.

Preferred metallic components are substantially opaque and are
capable of being ionized to a plasma. These pigments include magnesium, calcium,
| strontium, zine, titanium, scandium and other transition metal elements and
~ compounds. Most préfcrred are elemental aluminum, éluminum alloys and aluminum

compounds.

The polyrﬁer of the ablative medium can comprise a thermoplastic
polymer, such as a polyolefin. Preferably the polymer is a polypropylene,

polyethylene polymer or copotymer thereof.

The metallic component can be provided in the ablative medium in any
dmount, for example in an amount up to about 6 weight %. Further, in a preferred
embodiment the ablative medium can additionally comprise carbon in an amount of
not less than about | weight %. In one embodiment, the ablative composition
‘comprises aluminum and carbon. The carbon can be present as a carbon black or

other forms of elemental carbon. In this embodiment, the ablative medium can
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to about 8 weight % al um num and about 4 to about 6 weight % carbon. Al so,
a confinenent nedi um 21 and an adhesi ve 60 can be incl udedarcRRo®g with the
abl ative nedium 61, as illustrated in FIG 4. The confinenent nedium 21 is
generally transparent to the |aser frequency. The nedi um provides a

cont ai nment of the shock waves upon abl ation of the abl ative nedium 61 by
mai nt ai ni ng high plasma pressures for a period | ong enough to generate
plastic deformation in the nmetal. Wiile illustrated as a | ayer, the
confinement nmedium 21 can conprise a curtain of flowing water or a
separate sheet of clear confinenent nmaterial. An adhesive 60 can be

provi ded cagpdsccbomonerboutf 1 Stvwaghktih atuimieum apkat®gt bo about byweight® can be

separately applied tq the t rigr to.application e toa part
in pr epaF%PP%anWbﬁgpﬁh‘ngﬁﬁg'gﬁte “%C%Fﬁﬁg?m%@sﬁs gléougfgﬁélrg g‘%“te‘ﬁg appl i ed

di rect |y . 0mt 9 JifiHDad Bbe: Pabowld wHightts chidpr ahdpatinssigdvoillie abl ative
tape 59, as described, has special use as a tape in |aser shock peening

(LSP) as tdgsat § beghhtr duminuahandabauichiemba o weshize 6808 r epeat edl y
abl ated. The inclusion of the netallic conponent reduces depth of

vapori zati on and innj maker. | : {ng repeated
| aser shock in thehgsgng&és}%igfq' ﬁleﬁtﬁggqu{ﬁ?32tabg%%%i(n?%\w%?gc%?ygw%:dé%er

per cent agpn@fwithhhe sththtivie ivealivre dil am ithisiteted ds 16 eraihesonfilfienegnt a8t ed
irradiation by the |aser. Thg f;\bl ive taﬁg 59.. as enﬁg?&ed by the

i nvent i oR] IxEGHeRRi frapeparepLig e lassyraapeiicy o Be FSHUIE RO dser shock peeni ng
(LSP) whepe,a Sl (idHBE §a¥saioh Sblafi@Peahesiivithatied 61 Bye incl usi on of
netallic elenents, such as, but not limted to, alum num .and al um num and

car bon, eceintaiethgdégheplasemt pressiiros dpror nezigd lang cspughdadgasratefastifie t ape nateri al
by the | ?igf%gihatllorrll ig ttl{]eet{let\zli\f) r‘gﬁﬂe ﬁluggrz%] Is af)lg&&,et'% @%&Eeﬁpﬁeaiﬁﬂﬁ B

can comprise a curtain of flowing water or a separate sheet of clear confinement

material. An adhesive 60 can be provided as a component of the ablative tape 59 or

an adhesive can be separately applied to the tape prior to application of the tape to a

part in preparation for LSP. Or an adhesive layer can be separately applied directly

onto the substrate over which the tape is adhered.

The ablative tape 59, as described, has special use as a tape in laser
shock peening (LSP) as described herein, where a same surface area is repeatedly
ablated. The inclusion of the metallic component reduces depth of vaporization and
thinning of tape material that can occur during repeated laser shock in the same spot.

* As illustrated in FIG. 7, a higher percentage of the ablative medium thickness remains

after repeated irradiation by the laser.

The ablative tape 59, as embodied by the invention, can find desirable
applications for use in laser shock peening (LSP) where a same surface area is
repeatedly ablated. The inclusion of metallic elements, such as, but not limited to,

" aluminum, and aluminum and carbon, can reduce a depth of vaporization or removal
of the tape‘match'al by the laser. In other words, a higher percentage of the tape's

thickness remains after repeated irradiation by a laser.




thi ckness remains after repeated irradiation by a laser. -7 10 March 2005
Referring again to FIG 3 and FIG 4, the | aser beam 2 1ohdarch g0esed in the
LSP, typically exhibits a peak power density on the order of magnitude of a
gigawatt/cn2. The | aser beam 2 can be fired through a transparent
confinement nedium as discussed above, for exanple through one of a
transparent layer and a curtain of flowing water. The ablative nmediumw ||
be ablated to generate plasnma. The plasna results in shock waves on the
surface of the material. These shock waves are then redirected toward the
underlying substrate by the confinenment medium Thereafter, the shock
waves penetrate th®Resarhsg agaireto FIGe3 anpFIG. ddthedasdr bgaam?® kitay isafsed int he shock

waves can rm.ne the. depth and intensity of .the, residual,conpressive

St oss s Ml TR RERS S BEpRAAS g B TN ERICHERE & o et sur T ace

of the suhSkiRhe aNnd A&t 1 AnlREIELHESFhaQPnSfardtlt 38Mmenteh> 5 and FIG 6
show patterns of |aser circular spots that” represent several sequences of

laser fi mgdlgam,As dischssed abavedior exoiple throughane spatrasparsotbegsad aa  di anmet er

~ D. In each_r.ow.64 of spots.58 at _extend..al ong. a, row centerline 62, the
shots sa bt Reufie R TeaIR neSb ROV o G RELF e “h hcent
rows of THp@lSmaFesulteirSaciedaaRahntthd fuefit€alhe Blabeial. OVhade siecknaved f set " 02".
Further, the firing sequence of adjacent rows are spaced apart from each

ot her by 2 thep redirggted wwvardythe underlying substingg bieths copfingpant msdiuBpbyer s porti ons
f th I i h b
of the a ?g@%e\%}\%&, %h%@ﬁo%avgg Ecr@ﬁ'alte%({‘suggtraté Wﬂéﬁ@ﬁh&%ﬁ@oﬁﬁﬁﬂg& at may be

i rradi at , ree or rtimes. rexanp -5 represents
“an ar ea d@fe shhek whiatcaw deteimpae 6@ depthtandvagerisity atlthatresidifad compriesses:.
' stresses. Accordingly, the ablative tape 59 can protect the target surface of the

substrate and assist in the generation of plasma.

FIG. 5 and FIG. 6 show patterns of laser circular spots that represent

several sequences of laser firing. As illustrated, each circular spot 58 possesses a
diameter D. In each row 64 of spots 58 that extend along a row centerline 62, the
spots 58 are spaced apart from each other by a first offset "01". Adjacent rows of
spots 58 are spaced apart from each other by a second offset "02". Further, the firing
sequence of adjacent rows are spaced apart from each other by a third offset “03".
Thus, a pattern of spots 58 covers portions of the ablative tape 59. The pattern of
spots includes areas that may be irradiated two, three or four times. For example,
“A” of FIG. 5 represents an area of the ablative tape 59 that was irradiated four times.
The use of an ablative tape 59, as embodied by the invention, prevents such

repetitively irradiated areas from deterioration.

These and other features will become apparent from the following
detailed discussion, which by way of example without limitation describes preferred

embodiments of the present invention.
EXAMPLE

Several samples were prepared and irradiated to determine the degree

of penetration of a laser beam. Samples of pigmcntéd ablative media in tape form
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The use of an ablative tape 59, as enbodi.ed by the invention, prevents such
repetitively irradiated areas fromdeterioration. Thesqoagchord®s features
wi |l becone apparent fromthe following detailed discussion, which by way
of exanple without limtation describes preferred enbodinents of the
present invention. EXAMPLE Several sanples were prepared and irradiated to
determ ne the degree of penetration of a |laser beam Sanples of pignented
ablative media in tape form-8 10 March 2005 were made starting with
nmetallic and carbon pignents in commercial form-- concentrates in resin
pellets. The concentrates were nelted and m xed with nolten pellets of the
desired wyrrPingdeditdp RethyhRAlc esd tarbsi pigmantBirsendeatianfosar-- The  pol yner
was a pol ypropyl ene. The abl ative tapes were applied onto a fubstrate and

i rradi at 6encepEatehia resppﬁhleészeﬂwr@pcm%tegw@fesmv\léﬁd@nﬁim%ﬂw hERItERpl e, One

spot was _hi ' %%}{ at S o Her Ak dOtthet | MBS the
severity p?%%? oéh%g%%xe%ﬁtu?g%%qﬂéﬁ a O%%Z&?%gseﬂ?gﬁex%ectredxt 0 sgr vive. The
ot her spe@blynms whai b pulypidpyleche flapeblatie tapesuadrt ypplieddgec: wdstrme end ai | ed, and
this nunmber of hits recorded. Conpositions and results.are given in TABLE
1 T ABL Eradigirh e F 8B P rneiup S ek 2sb SorperORget et Baar d ag

4 times, and thus represents about two to four times the severity that a conventional

~ ablative tape is expected to survive. The other spot was hit until the tape was visually
judged to have failed, and this number of hits recorded. Compositions and results are

given in TABLE 1.

TABLE 1

Sample # of hits -
number Sample Description per spot
1 standard a 4
2 standard b 4
3 3%C, no Al (all below are in PP) 4
4 6%C, no Al 4
5 9%C, no Al 4
14) 3%AlL no C 4
7 6%Al, no C 4
8 9%Al, no C 4
9 6%C, 3%Al 4
10 3%C, 6%Al 4
11 6%C, 6%Al 4

In the TABLE, standard a and standard b are known tapes without
metallic component. The results of the peening processes are summarized in Fig. 7.
FIG. 7 is a chart of remaining tape thickness from the peening operations for the

samples 1-11. The chart shows original tape thickness on the right axis and

remaining tape thickness on the left axis, both in pm.

As indicated, ablative tapes as embodied by the invention, comprising
at least one of aluminum or aluminum and carbon, provide desirable results by

preserving tape thickness. The Example shows that an ablative medium according to

9.



2standard b4 33%C, no Al (all below are in PP)4 46%C, no Al 4 59%, no Al 4
63%Al , noC4 76%Al, no C4 89%Al, no C4 96%C, 3%Al 4 103%C106%HH 28dP%C, 6%YAl 4
In the TABLE, standard a and standard b are known tapes without netallic
conponent. The results of the peening processes are summarized in Fig. 7.
FIG 7 is a chart of remaining tape thickness fromthe peening operations
for the sanples I-11. The chart shows original tape thickness on the right
axis and renmining tape thickness on the left axis, both in p.m As

i ndi cated, ablative tapes as enbodi ed by the inventi-on, conprising at

| east one of al um num or al um num and ,carbon, provide desirable results by
preser vi rihe tnypriians swikblesfor mewenting dpfedoratiomal aanderingspbsiratze e di um
accordin - j [ LS 1S H AlioRliRyent i ng
deterior g([l%(%ﬁmg Qi%ﬁ%%@?#%?%a&é&s‘@%ésr ? }r{(gctﬂ%'. ?%ggdlﬁgiaé rgt?nén:?ss&eaInso 0 ESlur able to

r epeat ed dfalseundstigiak Subsae. Tikidallowpeoationing peetity amirEdcassing withodte under | yi ng
substrate. This allows continuing peening and processing w t hout

requiring re-application of tape.

While preferred embodiments have been described, the present
invention is capable of variation and modification and therefore should not be limited
to the precise details of the Examples. The invention includes changes and alterations

. that fall within the purview of the following claims.

-10-




requiring re-application of tape. Wile preferred enbodi nents have been
descri bed, the present invention is capable of vari atijgmaigH 2008l fication
and therefore should not be limted to the precise details of the

Exanpl es. The invention includes changes and alterations that fall within
the purview of the following clains. 10 March 2005 CLAIMS: 1. A tape,
conprising an abl ative nedium conprising a polyner and dispersed netallic
conmponenty aggg.The tape of claim 1, wherein the ablative mediumincludes a
non- netallic conponent. 3. The tape of claiml or 2, wherein the netallic
conponent i s 1.subsA aajie] @binprisinp GcatditiveCapdibhe cathphghdd paihéeend 0 a

pl asma. 4. The tape of any one of the preceding c?ai ns, wherein the

met al | i GISHEBRABIsENEC $ampenSRgnent . 5. The tape of any one of the preceding

clainms, whereint | 6. C Tl ed fr.om the group

consi sting o?’al umbﬁllﬁtr}!i @%’r{éé’ﬁaé%i f&?ﬂé@g c@hmbfa%ggﬁé%(ﬁ?ﬁrﬁg@%?c? %gg"andi um
titani umetallibeompomenti ti on netal el enents, alloys thereof and conpounds

t hereof. 6. The tape of anfy one of the preceding clains, wherein the

abl ative medium eg‘ﬁpwpﬁe% skémt 130% &, awbereing thaangipitic ogemroRER{UES and about

3 L0, 00 bBliac th§ BRI orbrif BFVEPE J flhrkd ot N0 @ surface of a
substrate, conprising steps of: ‘

4, The tape of any one of the preceding claims, wherein the metallic
component is a pigment.

5. The tape of any one of the preceding claims, wherein the metallic
component is selected from the group consisting of aluminum, magnesium, calcium,
strontium, zinc, scandium, titanium, other transition metal elements, alloys thereof
-and compounds thereof.

6. The tape of any one of the preceding claims, wherein the ablative
medium comprises about 3 to about 10 weight % aluminum and about 3 to about 8
weight % carbon.

7. A method for treating a surface of a substrate, comprising steps of:

applying a tape onto a substrate surface, the tape comprising an ablative
medium comprising a polymer and dispersed metallic component; and

irradiating the tape to ablate the ablative medium.

8. The method of claim 7, wherein the irradiation produces at least one
shock wave that induces residual stresses in the substrate.

9. The method of claim 7 or 8, wherein the step of irradiating the tape to

| ablate the ablative medium comprises irradiating the ablative tape using a laser.

10.  The method of any one of claims 7 to 9, wherein the metailic
component is selected from the group consisting of aluminum, magnesium, calcium,
strontium, zinc, scandium, titanium, other transition metal elements, alloys thereof

and compounds thereof.
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applying a tape onto a substrate surface, the tape conprising an ablative
~medi um conprising a polynmer and di spersed netallic conpadaich 2008
irradiating the tape to ablate the ablative nedium 8. The method of claim
7, wherein the irradiation produces at |east one shock wave that induces
residual stresses in the substrate. 9. The nethod of claim7 or 8, wherein
the step of irradiating the tape to ablate the ablative nedium conpri ses -
irradiating the ablative tape using a laser. 10. The nethod of any one of
e g ot al ueieSER SEOTR PEENRIGANTRORBNIOB Aghect od [rom | he, ar oup
consi sting of alum nesium_cal rontium zinc, scandium
titanium other transition netalﬁéfaﬁﬁﬁts al I oys t hereof and conpounds
thereof. 11 10 March 2005 LASER SHOCK PEENI NG TAPE, METHOD AND ARTI CLE
ABSTRACT OF THE DI SCLOSURE An abl ative tape (59) is applied onto a

subst r at st Aager THE BISICRIOSURE t ape (59) conprises an abl ative nedi um
(61) conprising a poI ymer (23) and dispersed netallic conponent (25). The

tape is then irradja t.e t t article
conprises a subst %Wﬁ%ﬂ?g k}f &y \‘}% FO% Sh%%@ggaapp{% ’gl%t]% tlﬁe substrat e.
Fi gur e 4apeX59) comprises an ablative medium (61) comprising a polymer (23) and dispersed

metallic component (25). The tape is then irradiated to ablate the ablative medium

(61). An article comprises a substrate and the ablative tape (59) applied to the

substrate.

Figure 4
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