-~ 410 Mareh 2005 LASER SHOCK PEENI NG TAPE, METHOD AND ARTI CLE BACKGROUND OF
THE I NVENTION This invention relates to | aser shock pednivgchR005 part and
~to a-tape, which includes an ablative nmedi umfor producing |ocalized
‘conpressive 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 ati on mat erigASERGIECRPRENING TARE, aWEEHODNANED eri al vaporizes from
. contact with the |aser beam The rapid vaporization produces a shock wave
which travels i.nto the netal, crféﬁ'tr{)q{gg conpressi ve residual stress through
pl astic deformation. A confining nediumcan be enployed to direct the
shock waves into the part. The confining nediumconprises a transparent
| ayer OfBWﬁ@pN%PT%ﬂﬂ?Eﬁ@mrent plastic or a curtain of water. The
LSP process creates conpressive stresses in the part, which considerably
i ncrease resistance to fatigue failure. Ablative tapes have been devel oped
to provide the LSPTabinatatom retatesde lasdr shatkepeeripg of & aprt 8bhisrd 188, an adhesi ve
| ayer on one.side of an.abl at.iv : A t ape
t ypi cal Ivgﬁgé’&f’l‘imﬁs ﬁ?lali’a_lﬁlbvep?%%g gfoééﬁagfgbgrlgpd%ﬁ éﬁ??nﬁ a%e)el l%glbl'ag degr adat i on
may be dyestq if gRgafed pul ses of the laser beamto the sane tape area.
Degradation of the tape results in "bum spots" and damage to the underlying
part surface. The part can be,re&gg)t.edl ¥Ore- agl%%ugi%gpreventfd%%lge area

pul se damage. aser shock peening is a process for a 1eg101 O
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.




However, re-taping is tinme consum ng, |abor-intensive -and costly. 10 March
2005 There is need for an LSP tape process that required Mexch@8ged
retaping. 1In addition, there is a need for an inproved, 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 abl ative nedi um conprising a polyner and di spersed netallic
conponent. According to anot her aspect of the present invention, there is
~provided a nethod for treating a surface of a substrate, conprising the
steps of applying t f f ri sing an
abl ative nediun1co?%&%@?ﬁagg%9%§¥§ﬁ§§Egﬁﬁggﬁg%éggggsﬁ%ﬁ%S%?%“@%#gonent; and
i rradi at iln@gdditien,tthqre id Oneedlfad  itpeovedlesitient@abladde tape forhge imanelt§ on may

.. provide an inproved ablative tape that w thstands repeated application of

| aser pulB&$S*The tape may conprise an abl ative medium conprising a
pol ymer and di spersed netallic conponent. In an enbodi nent, the invention
relates to'a method for treating a surface of a substrate. In the nethod,
-a-tape is applied onto a substrate surface. The ablative tape conprises -an
abl ative medi um conprising a polynmer and dispersed netallic. conponent.
The tape is then irradiated to ablate the abl ative nmedium In another
enbodi ment, the invention relates to an article, conprising a substrate’
and an abl ative tape applied to the substrate. The abl ative tape conprises
a polynmer and a dispersed netallic conponent. :




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

bl ade to be processed; FIG 2 is a cross-sectional viewMhrchi200fan bl ade
in FIG 1; FIG 3 is a schematic 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 cross-sectional and a partial schematic view of the setup in
FIG 3; | G hlJd UStration of a pattern of |aser shock peen
ci rcul ar%%@ﬁogﬁgwgﬁg&kpeen surface; FIG 6 is a schematic
illustration of a particular pattern having four sequences of |aser shock
peen circul ar spotgscotdiflg & Ghe dspest 6F tHE PR AVENDn! BSrd B TRONIGDY,t NI ckness
of tapes (remmining tape thickness after several Paser pul se

appl i cattapnsdmpi@sing @n Mhblatite 206 DS Np&lymEHand WispbistOMnpava et
al., US Pat. 5, 674,328 teaches a nethod o? | aser shock peening a

met al | i ccopmopefy firing a | aser onto a surface of a work piece such as a
tur bi ne engi ne part, which has been adhesively covered by a tape having an
abl ative nedium [The e can be a setjéb%adheri_ ng tape with a confi nenent

.a
medi um abl ati ve 4‘%&9515“ PPnQHicE asnret Aidhe presens Mventl dharpiaarrerided s provi ded

bet while.the,l fired i
¢ apeat od BB g { i 83Ek iRl CorpbiigiEins 3RPS o B RAGPS 2por 2
the ‘abl ainky/@ SRGHAE uffab Tt SHd 36RpARAL San"MARE HRERM 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;




conpressi ve residual stresses that extend below the part surface. A
confinenent nedium may be used to increase the depth afpMeraressi ve

resi dual stresses. The present invention relates to an inproved abl ative
mediumfor a tape that can be used in Mannava et al. and other LSP
processes. The nmedium has an inproved robustness that advantageously
accommodates nultiple qverl ing LSP |l aser hits to the sane ea. Typica
‘prior art nedia c w4t1?1§ﬁ’ﬁﬁagpﬁwg s-Rectiopglyand i partyy schgrpatic vigy °§tt£? he nost to
t he sarrPSe q?%.a result, a sequence of shocks nust be carefully
controlle { e’part nmust be repeatedly retaped. The nedi um of the

i nvention Can SUSTAGN 5UR 4 Scfbihakit liBu@Rfiod! &8 ﬁéu%tdﬂﬁer%%%‘g@éd on. The

i nproved robustness of the inventive nmediumfesults in a su anti al

I mpr oversirotlat spotd ores lasédrahock woef sodade; of an LSP process. These and ot her
features will becone apparent fromthe draw ngs and follow ng detailed

di scussi on, whi ch B§. Gdy acchematiepillmstritidnoefi a pamiculat patterd dewmighfour pr ef er r ed
embodi nents of the present invention. FIGs. | and 2 illustrate a turbine
engi ne ﬁﬁ%%f’%"d@l%?e‘f%’iockﬁgeé'rcwé’ﬁﬁﬁﬁpmﬁé’@ﬂl ng (LSP) process, as enbodi ed by

the invention. bl ad _represent e of us turblne
conponents Wi t hi n%tuﬁa??cao%' el.bffeimt“ﬁggi pS’f‘i‘ﬁn&g esstgf}éa@g % .
subst rattﬁaeftﬁfckﬁééﬁaﬁe?‘%epérﬂqwPg@g%ﬂﬁ{»ﬁszt e can be a superal I oy, titani um

all oy, steel-or the Iike superal | oy may conprise at | east
one of nickel-, cobalt-, or iron-based materials. -4 10 March 2005 The fan
blade 8 is in an as-nmounted position in a turbine. The fan blade 8
conprises an airfoil 34 that extends radially outward from a bl ade platform
36 to a blade tip 38. The fan blade 8 al so conprises a root section 40

t hat extends
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radially inward fromplatform36 to a radially inward end 37. A bl ade root
42 is connected to the platform 36 by a bl ade shank 44.0 Mhehaoosoil 34
~extends in a .chordw se direction between a | eading edge, LE, and trailing
- edge, TE, of the airfoil 34. A chord, C, of the airfoil 34 is a line

bet ween the | eading edge and the 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 rotation direction, as indicated by arrowV (FIG 1). A
suction side 48 is disposed on the other side of the airfoil 34. A nean-
‘line, M. is defined to generally extend m dway between faces in a chordw se

direction. The fan bl ad conpri ses a | eading edge section 50,
whi ch @&mgT&PM@FTﬁgf&\’fﬁ@bﬁ& and the blade platform 36 to the bl ade

tip 38. The leading .edge 50 includes a first wdth, W, th conpri ses

ni cks 52. Such ni %Ea%négaé‘:gl‘a@’ UGe Per. 8J674,32 b reaeis dmrathagd Afdesebihdhe fan bl ade
8. The ni cks 52 undesi

Irably act as high _cycle fafl. s risers, from
whi ch crpeliag e aretqiliopatby Brinh? %Wm%gsq@ﬁgﬁ%%ggﬂ@lg&%rug% Eié&opagati on is
due to tensile stress field e 6¢ Bltdpelbagmi ahabk¥e and
vi br at i JRTRESOEHCHRY; Wé‘cgbgf%%ﬁggﬁémgc‘{l can ?!eadlj to ea?des'b{ ?‘%e t ur bi ne
conponent . ARERL kR caiBe HedsidHerng tapbivwid aORPBHBIN MG ‘2he pressure
- side 46 and suction side 48 conprise lg%gyrroﬁmt\p@&ﬂﬁg Susddibes 54.

Regi ons Gfcrentadicsivadast CHHPHENTOEIES Pdual stre;:eséchq'hﬁemgg i ons 56 can
be coextensive w.th j & doep&ead pubses btoithe BPehi di rection
with thelaﬁr&f’ﬂnwjil?ﬂ{‘lep%elrg@%éﬁghgphengti cp rspeﬁti V. of%éihQanf egl;éjﬁe bl ade of
FIG | t@pesktamhe pilsisnepatizerhaatiiaiiemedige 988 e5535 em a g IG 4 is a

partial cross-sectional and Ik gﬁ@@g{pguirﬁcaiﬁwmﬁndrﬂmmtsetup in FIG
3. Ref ereqmpjesstyerpsit Stéeﬁﬁeslfﬁaé\e%%?&bﬁéwf an blade 8 is shown nounted in a

position_t

mbQiufl r];ﬁf be LRI8S inthaskihpaenh pfcorfpressivegesidugh sEgeses.

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

tness that advantageously accommodates multiple overlapping LSP
r two

improved robus .
s to the same area. Typical prior art media can withstand one hit (1X) 0
ust be

laser hit
hits (2X) at the most to the same area. As a result, a sequence of shocks m

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

: } e e
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 & for laser shock

embodied by the invention. The fan blade 8 is

' peening (LSP) process, as o
) - - - e
representative of various turbine components within the scope of the imvention.

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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peeni ng system conprises a generator 31 having an-.oscillator and a
pre-anplifier, and -5 10 March 2005 a beam splitter, \/\/rll()qsb[alfcggdgsthe
pre-anplified | aser beaminto two beam opti cal transm ssion circuits. Each
optical transm ssion circuit nmay conprise first and second anplifiers 30
and 32 and appropriate optics 35 to transmt and focus |aser beam 2 onto
abl ative tape 59. Ablative tape 59 conprises an abl ative nmedi um 61
raccording to the invention. The ablative nmedium 61 conprises a pol ynmer 23
~and a dispersed netallic conponent 25. "Dispersed” in this application
~nmeans widely spread through the polyner and does not necessarily nean

(al though it i ncI udds)far bladd §isdn en eeshoorted podiliai idaltuéaiirmed"mimt icles in the

pol ymer. .In, f t he net gan be | Iudlng |n
Phe” Tor m e faripeses ot i b GATPRG ER ko b7 Pyl Ford § bpact Blobf i e ©.
Filmw thoa bRidemprEsedrhel fashlade @ﬂ@(ktcﬂﬁbris%s xSt @&@dnhoqm&hend%r esent
invention. The term"netallic conpgnent” conprises netals in elenenta

form .al ITedislly imsyasd froesplatfosmipsrio g sadially iawiassk end| 37¢ 4 blua%roahﬂl Bonbi nat i ons
t her eof V(‘@OM&CP&%QO rﬁ?eﬁatfé) 36%%@&9 stlhﬁnk ?A{ e’i’ﬁe[ 513911 14 h({ls inGomponents_are

subst antialTy ©opaqu are capa roni zed to a pl asma. These
pi gment s dhaﬁihugkailfmgﬂesd:uwmn Lhdihgladge, BE,ramﬂtttaulmg edige,CTE, ol thereiitisli scandi um
and other_transition netal elenents and conpounds. Mst preferred are

el ement al34al uni num al um num al | oys and al um num conpounds. The pol ymer of
the ablative mediumcan conprise a thernoplastic polyner, such as a

pol yol efin. Prefer @b&abra e opRleXiiPRSil 345is @ 1R b RFeR YeaBRling 2k ¥Bd ikl ene
polyner or copolyne t her eof
- 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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The netal lic conponent can be provided in the ablative nmediumin any
.ampunt, for exanple in an anount up to about 6 wei ght 1%M&uk2®E, in a
preferred enbodi ment the ablative nmedium can additionally conprise carbon
in an anount of. not |ess than about | weight % In one ermbodiment, the
abl ative conposition conprises alum num and carbon. The carbon can be
"present as a carbon black or other forns of elenental carbon. In this
~enbodi nent, the ablative nediumcan -6 10 March 2005 conprise about | to
about 15 weight % al um num and about 1 to about 15 weight % carbon.
Desirably in this enbodiment, the nmedium conprises about 3 to about 10
wei ght  Yoadicam sphﬁmrawﬂlchmm the proambpbiied Bsandeahintogwabdsonoptitdl pref er abl y
about 5 to apout % al ym num and. a Q wei ght %

ht
car bon. Aiag%}m%oes&’i?‘ilﬁeﬁé?h()% {ﬁ‘??‘?ﬁ?s‘gﬂ8”8“?*9'&3}’18%[]1%363%&%% be i ncl uded

al ong wi ts@cotnﬁ%nﬁﬁalfaslmm%m@%@p@& bptlcH st kpdradmitinG iféus dasel he
confinenent nedium rﬁ%Sneral y transparent to the |aser frequency. The

medi um prb@wm(ie@tcaabi@tmtt@e nt of the shock waves upon abl ation of the
abl ative medium 61 by maintaining high plasma pressures for a period |ong

enough to generate Pﬁalia%%f% 'ta%e 39%8@?&% .8 Ablallvd BEaiTRLE accémh{ﬁ% yed ustrated as

a | ayer, the confinenen can conprise a curtarn of flow ng water
or a Sepamwnﬁoﬁi‘ﬂﬂﬁtablafwe:ﬂnecanm(ﬁdrdmwmupolymereﬂfa:tldadéapeasclthﬁmtaﬂéc 60 can be

provi ded as a conponent of the. abl tlve ta or aEhIP Qle@ ve can be
separ ateIWmQB%‘?qtg tispareedy HhbisHPp ?at’PB r%ﬁ?g b e, He" t%pe to a part
in preparg dekss@ily AR TR ubRUSRCIEER) il eRaledloel y applied
directl y rﬁaﬁﬁgo‘%ﬁgts%rastse gver $/h| cuk he %age) is 3’zldhered The abl ative

tape 59, caBoidelstredipediclehirsths pelymal. Insfectatheanataljecompangsiegan b fig iy peeni ng
(LSP) as descrifgd NelcToln oPPRLE, BartBliCaghidhAC RIAGERYLS HofBEARAL! Y
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, scandlum and other tran51t10n metal elements and

~ compounds. Most prefcrred are elemental aluminum, alumlnum alloys and alummum

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
Admount, for example in an amount up to about 6 weight %. Further, ina preferred
embodirﬁent the ablative medium can additionalty 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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abl ated. The inclusion of the netallic conponent reduces depth of
vaporization and thinning of tape material that can oqowardwR0®® repeat ed
| aser shock in the sane spot. As illustrated in FIG 7, a higher
percentage of the ablative nediumthickness remains after repeated
irradiation by the laser. The abl ative tape 59, as enbodi ed by the
invention, can find desirable applications for use in |aser shock peening
(LSP) where a sane surface area is repeatedly ablated. The inclusion of
metallic elenments, such as, but not limted to, alum num and alum num and
carbon, can reduce a depth of vaporization or renoval of the tape material
by the | as@priselabont Ierabuutr fsyeight!th ghierinye rudstoat b todbouh S wWalght %  t hi ckness

i f d . iati b | s 5 Ref i
hgai n ockben BERRAvAN s fbp Ry gl PGhure o R f0P, 7 ST N0

typical | we%*ai@hﬁhﬁnp@r@%ew& MBS F¥ightv, ChdoREsEpretirabipgbiut dde of a
gigawatt/cm2. The | aser beam 2 can be fired through a transparent

conf i nemémgbout® dicight %ealuminumandedontfolpaboyidrwaghtvpcarbehr ough one of a
transparent layer and a  curtain of flowng water. The abl ative nmediumw ||

be abl ated to geneppte, pla8iThen 1, RHIIRak £5LYS o) RastioRkIpBYes On the

surface of the mate ese shock waves are then redirected toward the
under | yi apng Wit thedltatby rdiumn 6nf asribusmtediebI@ . ThHEeonBrdnpent megdiye shock

waves penetrate the substrate.. The. anplituyde and quant.i of .the shock
vaves caﬁlésegf’é‘F‘iﬂlﬁé‘a'ﬂf‘rPéfe&EﬁttﬁeQﬁ"cf eﬁlﬂ%ﬁgi #868%38“ r%‘gla%l%al conpr essi ve

SLT esses coftGhiffoft 1dhd shot R Ha Bl Boh ¥Blatigber thOalaivennatieatsitye target surface
of the substrate and assist in the generation of plasma. FIG 5 and FIG 6

show pat esintsinof bighsdasns presshees feqsonesiod g eneyghdogserasdlastial sequences of

laser T rdiet%%hatﬁ)sn in et h PG he SRS 'Escaulla%r, FPUnRRRASHEERES 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.




diameter D. In each row 64 of spots 58 that..extend along a row centerline
62, the spots 58 are spaced apart from each ot her by aofNissh 206 set "OL".
Adj acent rows of spots 58 are spaced apart from each other by a second
of fset "02". Further, the firing sequence of adjacent rows are spaced

apart fromeach 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 tinmes. For exanple, "A" of

FIG 5 represents an area of the ablative tape 59 that was irradi ated four
times. The use of an ablative tape 59, as enbodi ed by the invention,
prevents such rep®&eidiingeigain torkiGi 2bedFE. datheflasenbabat 2 thadisatsedm. These and

ot her fe wi.l |, become apparent fromthe fallow ng. detailed

i souss: GiF LShedhicaly aps  PRRCHINES <o moinins et SnaiERfd bes pr et erred
enbodi meigvatydoite TRE 888 eam V@R HeHed la'ira%%érﬁ'coﬁﬁ’r%eﬁﬁ were prepared
and irradiated to determi ne the degree of penetration of a | aser beam

- Sanpl es @fedpingras sissussad ebatvieior ersaine throughpae P62 tranParkot ueraind 2005 wer e made

- Starting wt.h tallic and.ca n_pigment s, .in rcial, form--

concent ¢ st of B dite %yl e 36RRR BB By b BRI e h@rtea e i xedt wi th
ol ten  [MaklpRista@ésulth t MOSH weeks R thd SR ethp Blayeral. Tiese fhodkiviagea Brabender
m xer. The polymer was a pol ypropyl ene. The ablative tapes were applied
onto a saisthemredirgeied towarddpe shdalyingsubsieat kpths copfansment medyspot s were hit

on each i | ﬁqbdi r ; about two to
four ti rres@gf}t%%igerég}égpﬁwa{\%ﬁ?cgt@grﬁ@%ﬁbﬁ%l a r{'@%ﬁ& c\l/%&%aacg%ﬁtl%%gx pected to

“survi ve. tiEshodt Wevesspotetmsndibe dapthiahd ittensttp péthaassidiad vathprgssiyeudged t o have

Failed, apdsddM ReBiRgy, B atidy? o I8 GrotR MRS QMR cEBfE esul ts are

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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given in TABLE 1. TABLE | Sanpl e# of hits. nunber Sanpl e Descri pti onper spot

| standard a4 2standard b4 33%C, no Al (all below are i noRRréh 26648, no Al 4
59%C, no Al 4 63%Al , noC4 76%AI, no C4 89%A, no C4 96%C, 3%Al 4 103%C, 6%Al 4
116%C, 6%Al 4 In the TABLE, standard a and standard b are known tapes

wi thout netallic conponent. 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 sanples I-11. The chart shows original tape
t hi ckness on the right axis and remaining tape thickness on the left axis,
both in p.m As indicated, ablative tapes as enbodi ed by the invention,

conpri si Rgre @kdd ﬁ:&ﬁhgmr@étalﬁb | éuﬂlmnq)"l batsimeommadiabfracn, provi de
desirable results by  preserving e i ckness. The Exanpl e, shows that an
abl at i ve CRRSENUHEBIBCBYIHPAYEE: oTheg:om@PnEv&ﬁe& Wepeppgied and mixed with molten

- pellets of the desired un-pigmented polymer resin using a Brabender mixer, The
polymer was a polypropylene. The ablative tapes were applied onto a substrate and
irradiated. In the LSP procedure, two spots were hit on each sample. One spot was hit
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.




the invention is suitable for preventing deterioration of an underlying
substrate. The nmediumis also durable to repeated | asapnghegksos The nedi um
prevents deterioration of the underlying substrate. This allows continuing
peeni ng and processing without requiring re-application of tape. Wile
preferred enbodi nents have been descri bed, the present invention is

capabl e of variation and nodification and therefore should not be limted
to the precise-details of the Exanples. The invention includes changes and
alterations that fall within the purview of the follow ng clains. 10 March
2005 CLAIMS: 1. A taFe conpri sj n% an abl ative nedi um conprising a pol yner
and di spbe swentias s puitabledonprerming dotenqralion afan widedyiggsubstrainliei n t he

abl ative ' ' z [ T of claim!]
or 2. whdlEiHE USEUHIRE «Srflea HEShodE. FRTRORGR orent koA RBAC apabl ¢
of ' bei ng-df ol wiridrlyog aulpkratenBhis dlloWhentiapieg péemmy/ ardiproafsinhwitbowcedi ng
clainms, wherein the metallic conponent is a pignent. 5. The tape of any
one of tHedYrBEEdanplcaioRiafdPeuherein the netallic conponent is sel ected
fromthe group consisting of alum num. magnesium calcium strontium

. zinc, scandium ti t@piidihfeabl 8hbddifRats hhb@bdtRdaicrBLEMBNp8sendl | Oys ther eof
and conpounds thereof. 6. The tape of any one of the precedi ng, clains,

wher ei n tiheengibh it dapeble pbyiriative pdifisatipend tereforeaghould nepbsdanged oo

al umi nu M8 ﬂ% pa}gtgyet details Of a%%ktam%les.\’\%cg MvedAdtAhA08es changes and alterations

. that fall within the purview of the following claims.
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7. A nethod for treating a surface of a substrate, conprising steps of:
applying a tape onto a substrate surface, the tape conygoiNang 2605 abl ati ve
medi um conprising a polyner and di spersed netallic conponent; and
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
resi dual stresses in the substrate. 9. The nethod of claim7 or 8, wherein
the step ﬁradiating the tape to ablate the ablative nmedium conprises
|rrad|at|ng the abl ative tape using a |laser. 10. The nethod of any one of

clainms 7 to 9. whex eipe, cbmptisihgldni shlatbepediant coipsshe at gdyheommd he group
consi stipg of .aluminum rmagnesium calcium strontium zinc, scandium
titani urfiSRerRe mefallig,eqmpansihet al el ements, all oys t her eof and conpounds

Lol & Yo A0 VR SR TR R R s O

subst ratmetslhci:amponeﬁhe abl ative tape (59) conprises an ablative nmedi um
(61) conprisi ng a éamar%t( 23) and dispersed netallic conponent (25). The
tape is thenJrra ctof sbimt & phed, awhereiny thenmrntallic qamaponemnisarticl e

gﬁgﬁ;;ssﬁbﬁarﬁuﬁ§bﬁﬁusaﬁ@9aﬁa%&weﬁfglxﬁz&ﬂ%eaﬁlé&a.app' 'ed to the substrate.

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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