; e3e"p maro6f TI'S 814 January 2004 -1 CONTOUR FORM NG OF MEDALS BY LASER
PEENI NG This application clains priority to Provisional ,Patent /¥£§ i,cation
Serial Nn. 60/ 144,594, titled "Contour Forming O thaﬂé‘%”“ﬁﬁx 0% Laser
~ Peening filed July 19,1999, incorporated herein by reference. 5 The United
States Governnment has rights in this invention pursuant to Contract No.
W 7405- ENG 48 between the United States Departnment of Energy and the
~University of California for the operation of Lawence Livernore National
‘Laboratory. BACKGROUND OF THE I NVENTION Field of the Invention The present
invention relates to | aser shock processing, and 10 nore specifically, it
relates to techniques for contouring netal by |aser peening Description of
Rel ated Art Using high power |lasers to inprove naterial properties is one
of the nmost inportant industrial applications of |asers. Lasers can
transmt controllable beans of high-energy radiation for 15 netal wor ki ng
Primarily, the laser can generate a high power density that is |localized
and control |l able over a small area. This allows for cost effective and
~efficient energy utilization, mnimzes distortions in surrounding areas,
and sinplifies material handling. Since the |aser pulse involves the
application of high pCONTOURSHMRMING®F MERALSBY L ASER PEENTNCESS i S
. adaptabl e to hi gh-speed nuf act uri ng. The fact that the_beam can be
control l ed allows parts 'ﬁg‘?/? 1GHRB REPEY toFeaisionad Patentiary 2004 -2

processed Al so aga@?' QA dy; q%‘.ﬁ ] Iyherent to the
system | nproving ﬁgsgﬁengt ﬁ%@%ﬁéﬁ%%@iﬁgo gvz%llr%#nréﬂgyoﬂs&gsdly was
di scovered ear| yByMeansidfilastr Reenirgs’ filad [wlptl 9,999 )ia dl]ieréihsbymeapons

and tools. Since the 1950s, shot peening has been used as a neans to
i mprove the fati BiereBfPperties of netals. Another method of shock

processi ng 5 nvol ves theT}'lé?JrB{]ed@tQth expb Eﬁh@hi%ﬂs%%?n?o tact with the

nmetal surface. The use of high intensity [aser put's 0éfenerati'on
of 10 nechani cal pefsaakt \eeli@ttrdcd No. PAV40PENSHUS Ritese@ thaBhabs Shass been wel |
known since the.1970s. The | aser shock.process can be used to generate

conpr essi ve stre a0t pfEnaegn pnd the Hrwersiy@if falifarnisnfer thend r esi st ance

‘to corrosive faibglstion of Lawrence Livermore National Laboratory.

BACKGROUND OF THE INVENTION
Field of the Invention '

The present invention relates to laser shock processing, and
10 more specifically, it relates to techniques for contouring metal by laser
peening.
Description of Related Art
Using high power lasers to improve material properties is

one of the most important industrial applications of lasers. Lasers can
transmit controllable beams of high-energy radiation for

15 = metalworking. Primarily, the laser can generate a high power densuy
that is localized and controllable over a small area. This allows for cost
effective and efficient energy utilization, minimizes distortions in
surrouhding areas, and simplifies material handling. Since the laser
pulse involves the application of high power in short time intervals, the

20 process is adaptable to high-speed manufacturing. The fact that the

beam can be controlled allows parts having complex shapes to be




Lasers with pulse outputs of 10to 100 J and pul se durations 15 of 10 to
.100 ns are useful for generating inertially confined plasnas on t

surfaces of netals. These plasmas create pressures in tﬂa-k%MGEyéﬁsfo,ooo
to 100, 000 at nospheres and the resulting shock pressure can exceed the
elastic limt of the netal and thus conpressively stress a surfare | ayer as
deep or deeper than | nmin the netals. Lasers are 20 now becom ng
avai l abl e with average power output neani ngful for use of the technique at
a rate appropri atprofessed. ddssaccusdcypeargistaricprand repebmbflitp@es mHefedtaser shock
processing, a neaﬁl surfare to be treated is painted or otherw se nade

"bl ack" that is, W §§Mabsorbing of the laser light. The black |ayer both

acts as an absorber of t rﬂigw%qﬁ y he surfare of the
part from |l aser ablati orfh’g)rfg@?‘%om mel t ng gﬁéwf%?{%gpﬁ%%hgenper ature of
the plasma. A t hiundbaledlyovaseiseovertd pardain givilizatioR, asancient fladvwved over this

bl ack surfare. The water ac{s to inertially confine or, as it is called,
tamp the pllasma ered QuA 81 WerRoRs aRd frpls Qingedhe A3¥Ispehptingeni®8 short ti me
pul se duration, #XPL&R hLd3Q a30edts to EBES “ﬁg‘% i al act as a
tanper are al so poss‘i&ﬂ e. A Iai medt}%t?onpt ovetstﬁe use Lﬁ}gégéﬁegf&tuge process is
the ability to déinoter méthod of shakkmpracessifirvolBed theatse e Biglyexplodite net al

surfare in a spatially uniformhbeam |f not_uniform the highest intensity
area of the Ii ghp%ﬁ?ﬁi%wtﬁib‘ﬁg‘a%quaﬁ% wat er whi ch bl ocks delivery
fo del1ver the laser |1 an troot RpRinbbB) lafsddbts o 6RMERHRARY | 07" OV°
condense ti¥e | asarecltipilishdck @apave trededwistuyfaods sfaheialsyhab®ed wiedi 200 J per

square centinetey. This condensing technique has the limtation that a true
"i mage" of the |£&%@?ﬂﬁ@§mqlﬁ78&i 48T ehockpspress canbaysedin geneseteat t he

surface. Rather Lekdvl B %Q FRY SE )] ween t he near
and far fields |€°n§% ge‘r'rl‘!éra e(éﬁ.‘}l[?%ﬁ%g%tl onéé%%dtﬁﬁg%%%h%ggm as it is :
focused down ontmsistacs ty fatesiveefaillifes i N very strong spatial nodul ati on and

hot spots. Any phase aberrations generated within the beam especially
t hose associated with ob%.ﬁeé?c‘i"ﬁ-h%&W?E@émtpdpoﬂ]iagﬁmﬂ@mﬂgéﬂgm\m, can

DLoRA0A S 180, I°NEIBYE 100 ADSL JBRANG dohePERInMLIY RobfiSed Al Bn e5e N1 O

peak intensity reglions cause I'n Phe wa ayer nting

efficient delivehysaffatesef hrsds. Thee glashias cheatd présaures iwtHarahpeat ed.
Anot her potential cause of breakdown in the tanping material 1s the

generation of n&ﬁ;qopﬁ%afﬁo:mﬂraéew_gpma%&@aﬁlééng eHRRSHIIERA st i mul at ed
scattering. In aexe&a@}zz?gggg- it S Olnetal Mld Mud BriflaficRillag, £0 W thin a

| aser) the output slo over a time period exceedi ng several
pul sewi dt hs. Thissrfatolayenesalecpnirelespdrithirel pentin tieemetaid eLazers drenear

processes 6hat re ué%e bhui | du Ei nes of 10s of nanoseconds. |n conventi onal
t echni que%, t he \FU TEOBURBBY 210G Iaﬁgré‘ﬁePQWEEPPHéﬁ'm‘Eﬁ“%&f“L Ternal means

such as a fast LkshgheqbaThid R ARl A LGB (G s ding foil.
These techni ques can ge gﬁ%@%si ve ané’pgg\fr)] I ng{mpéf?géﬁﬁﬁﬁbg controll ed
appl i cation of conpresdnte ptocesof yspt shedk poomssng, deetd sarfawttalbesur f ace

L Sebee et R R B PSP BRI g oo (e
of the laser light. The black layer both acts as an absorber of the laser
25  energy and protects the surface of the part from laser ablation and from
melting due to the high temperature of the plasma. A thin layer of
water, typically 1 to 2 mm, is flowed over this black surface. The water

acts to inertially confine or, as it is called, tamp the plasma generated as

the laser energy is absorbed in the short time pulse duration, typically
30 30 ns. Other suitable materials that act as a tamper are also possible. A

limitation to the usefulness of the process is the ability to deliver the



14 January 2004 -4 curving, the convex surface is left with a residual
conpr.essive stress which is highly desirable for fatigu d corrsi.on
resi stance of the part in operation. The technique of |ﬁﬂ$§!’“’g'"¥l?i%§4
conpressive stress by means of shot peering is well known and in general
use. However, shot peering limted in the depth of intense conpressive
stress that can be induced w thout generat:{ ng significant and undesirable
cold working of the 10 surface layer. Due+%to the required spherical shape

of shot used for Iﬁgé@r@g%y H}ﬁgm&ﬂ%famép%tﬁuyqﬂuwﬂﬁ%ﬁpmﬁwe vs.

time profile to the net during each individual "i npact the shot.
Pressure is initiuniéymatthe highkstristensity axeatof pud ightofantdaesspherardawe t hen

spreads across the . jnpact 15 a,as the tals defpormand the entire .
cPoss- section of Tﬁ%%?’ ‘Eglﬁ'ﬁégchs aﬁjé"%t%gmea’f‘m SHETER P HisRapisdi cat i on
of pressure resul&l&ﬂalﬁadepﬁ%n%ﬁd@l&@hﬁﬁu&m@daﬁwflm%g&gghﬂ%n@gt al from

the center to the outer area of the inpact zone. Consequent cold
work is dong on tsuefageisab use astmpleilenis texpnderes thetasepoutpaitwedgewet pressure

“Nethod And ApparSPEDY BbIOHERDATII G 280 BPRHABiAEh Ut Aier kpi cce: - i

od An pa rkpiece;' is
directed to a cow&a&m&g‘ tecﬂ?akh@ﬂaa&mﬁﬁm&wéﬁ%*mr i Lol e
contour to an aircraft skin. treat ment chanber hasé ac nvggg% Iéwéet?ﬁ a
wor kpi ece 25 att achefleldistensity prafile chatdbtained abthepeaefaiceigRithass fighi t f or

treatnment of the,workpiere. A.control systemis provided fqor orienting the
wor kpi ece and bl %WWH%&WWE%@?WW@%B%%?’%RI%&?row .
spanw e Sigl PS. goderdftd INNrEAIBARI R ALK BRRFANE ARG ohftfneor kil ece.

This nethod and dpparatus t hereby creates w se 30 sinple curvature to
t he wor kpi er e whstieface resulitwinnvgry stopgisph talimedndatioredfcehoisspoBee al so U. S.
Patent No. Patent 3, 668,912. 14 January 2004 -5 1n U S Patent No.

4,329,862, titled "Shot PHeRhae6RRTTIIASS yitdy m, espegially sheet
rotal Part 1S COMGERRLORRN.Y wAUpeRRRE A AUI0BL fr BiflPaverthEpBAEL 19 SOt

peened on one side with an 1ntensity programme ary 1 ern for

mat chi ng t he par tart propagatelio genérate highardhtensity areds withinahé béskes on the

conpound rvature of an aircraft wing surfafe. It would be desirable if a
| aser proggss co W%&‘%WW% n%?ar"é%g“ €A B Wakerdayefe part and

Lhus ef et or eabivefthyBiilehr Ay KBl 140 BAELS, olthe WEHUG @1 1 00l Y be

desirable if the | aser process could generate n I gl wor k and t hus
| eave a very snowedteduhnatber potaniid] casievibivakdowin the\etpirgNniateriab an

obj ect of the priegent ol VG &bat Bt M 4Es i A3 tical breakdown and

stimulated scattering. In a normal generation of a 10 hs to 100 ns puise
20 within a laser, the output slowly builds over a time period exceeding
several pulsewidths. This slow, weak intensity helps to seed the non-
linear processes that require buildup times of 10s of nanoseconds. In
conventional tech.niques, the pulse cutput of the laser is “sliced” by an
external means such as a fast rising electro-optical switch or by an
25 exploding.foil. These techrﬁqueﬁ can be expensive and can limit
reliability. |
A controlled application of compressive stress applied to one
side of a metal surface will cause that surface to expand in a
predictable manner

30 and can thus curve the metal in a highly controllable fashion. Upon




peering process that can achieve an intense stress nuch deeper into 15 the
part -and thus effect greater curvature of thicker netal  ,gections. §Qe
invention is a nethod and apparatus for form ng shapes aaaﬁﬁﬁﬁvxéﬁ in
nmetal sections by generating | aser induced conpres stress on the surfare of
the netal workpiece. The | aser process can generate deep conpressive
stresses to shape even thick 20 conmponents, wi t hout i nduci ng unwant ed
tensile stress at the nmetal surface. The precision of the |aser-induced

stress enabl es exantingy 8@icohvansiafite SsRSCMHLR BlresiaRi QmMpigs@e PadsS. | N the
present invention, a |light beamof 10 to 100J/pulse is imged to create an
energy fluence of% to 200 J/cnZ on an absorptive 25 | ayer applied over a

metal surface. Typj ;SI@,I_] : £.S: Q‘}_[[\%C! t he. absorpLive | ayer. The
absorption of Iaggr |%ﬁ?dggﬁa‘§{8§r§h Cas e o°%¥°§rﬂﬁl1§]3%ﬁ‘c%8ﬁg’§cﬁfékﬁy creates
a shock wave t hatoperatione The tedepqueast ifldating CRBIcOHpraivel LRSS b Rtdant he

nmetal. The metal responds to this residual stress by bending. 14 January
2004 -6 It 1s a W&l I -known concept to use a nechanical neans to contour

~thin netal conpo ] CRMGSR ' a_ | aser.to generate shock waves
that induce a corgrg‘?ltésm vg Stress f'ﬁ?%n&rlrgg%ser?lsusﬁﬁ “;’/e'%f’a@f’ PETFEr

i mproving the resds stance of netal conponents to 5 fatigue cracking and
corrosion. The piesent invention applies a | aser induced shock to one side

of a metal wor kpliBHtediip the depth@f intgpeagosaprestive steess vhatioan bedpduged vi ng t he
shock nore gener gl; . ok tulti ties r the sane
area, |arger sca@é@é&?ég‘ﬁgﬁ%%%%g%ﬁ%@a .éﬂaéfei%kfgwpfgﬁgé’?rﬁ%ys a hi gh

ener gy, high avesmg@sepower 10 | aser, set to operate at specific paraneters

to achi eve preci se shaping of conponents. This |aser peen formng process
i s especial |y uskByer Pug ta theerquitadesphericelshape pfistioteised Forgieenira, éhe al  t hat

is difficult to .or _contour The metal is covered.with a | ayer of
material that abé%)r%g% @Weaﬁgg PRSEHITRYRESSSWR Ve iRe prabilede themerli s £ owed
over the absor ptdungaidyindlvidad iinphtt6aé StbtbPrésbere i9 58kateBatsgOUENt i al | y

applying laser pulses in a raster scan fashion, conpressive stress is . :
i ndur ed over t hefifst farta it of the sphere amd themyspreadsiactoss the tmpacgener ate a -

strain of ykhe t oduce a curvature,tq the material.
The i ntenélsty a%eég%ﬁ%a@eg%ﬁggggﬁ%%ﬁ%Oﬁsﬁcémoégh?%“gach | ocal area
can be control| &ﬁ}nbit&lﬁb@ﬁtﬂﬂ@kﬁdlﬁbd—ﬂﬁﬂbrxﬁﬂp?ﬁb&ﬁohaﬁ%eﬁiﬁéés{lﬁ@ﬁpri nt and
overlap, the pulse duration and the nunber of pulses applied to each area.

The part can be 3lPerliextngion of thametal./dew of metaldtpm the eentértodhet enat i cal | y
outer area of the impact zone. Consequently, more cold work is done
on the metal as material extrudes due to the wedge of pressure created

20 by the impact of the shot.

U.S. Patent No. 4,694,672, titled "Method And Apparatus For

Imparting A Simple Contour To A Workpiece,” is directed to a
conventional method and apparatus for imparting a simple contour to
an aircraft skin. A treatment chamber has a conveyor with a workpiece

25 attached thereto and includes a shot peeru‘ng blast mﬁt for freatment of
the workpiece. A control system is provided for orienting the
workpiece and blast unit so that the peening is done only in narrow
spanwise strips and only on common chord percentage lines of the
workpiece. This method and apparatus thereby creates chordwise

30 simple curvature to the workpiece while minimizing compound |
curvature effects. See also U.S. Patent No. Patent 3,668,912.




applying i npul ses of |ocal stress thereover. Additional control of two25
~di mensional curvature can be achieved by the specific densjty in i,ch
pul ses are placed on the surface that becones convex, biﬂp*aééwz\%“
conpensati ng pul ses on the surfare that becones concave and by taking
advant age of the increasing nmechanical nonent of inertia generated within
the part as a conponent changes to a curved shape. 30 The | aser peening
techni que can al so be used to precisely sifaighten conponents that have an
undesired curvature. An In s ParuaiG. 2894867 A tauy ﬁéﬁ?ﬁh‘iﬂ gkudes
mechani cal drive shafts that can acquire an unwant edt bend as result of
machi ni ng, heat t¥empeund Coardowrs)iiarfiat sheat nietal praisfcanventiorgllprshoesses. By
sel ectively applyin onpressiyve stress. tp the cogncave sjide of the unwanted
curvature, a partpeggﬁgﬁg‘%é\?iflgﬁ&t' &S s ?%Rﬁﬂ?%ﬁ@d’.nelsﬁiec‘ﬁ?ﬁra&st to shot
peeni ng, the hi ghhyrdif gpabgﬁ ' 1S ' j tail ored
beamwith flat to prg*rlbl?% and %ﬁgﬁ%%h%ﬂgﬂokﬁt%g%ﬁé%g??) i npacts
the netal udifor rdhprdiwise cuheatere ane theyat takes en theesnshpourgl curvanirblognt ™
. force that causes |jttl extrusfi on of 10 nmetal and little cold work. Thus
the | aser peen f PTG HPOREERIREN produce a greater vol une of stressed
metal with [ittle cold vp%ulgggagimé/ﬁgqiﬁg gmd{ﬂgacﬁg@ Q]If-[l i mpr essed
into thick netal sections w thout severely |Etort| ng the netal surface.
BRI EF DESCRI PTI O P& gty thelparsaralwhus effectigreetenl pl ate. |S
Figure 1B shows the curvatur roduced in the nmetal plate after application
of the | aser peewag?@c%stg“‘? its top surfare. Figure 2 illustrates the

set up of fge Iagsm.bmaa%&ﬁﬁmmgue@égﬁam@w%;ﬁgefglte@%oégﬁgd met al

substrate and the absorptive layer. Figure 3A's at" intensity

profile of an 20getmetate reghgibietald whrkentatuolhve a vest shostivsiafaee and t he
strain and corregponding stress pattern produred in the netal after
peering. Figure hows the "top hat" intensity profile of multiple

rastered pul ses prcisely sparmmw@quﬁmg ering strain and the
uni form strain.and corresponding stre rmin tre netal 25 after

peeni ng with the rast er &8ds beahjectofghe pretestiovantidietorpranidefl Olasérnagi ng the .
| aser near field onto the absorptive |ayer on a netal surfare. Figure 5
illustrates the WPMLMSPﬁWW&&SH}@J@mW%y | aser
peening. 1514 Jahddavt AR0thusSffect greater curvature of thicker metal sections.

The invention is a method and apparatus for formihg shapes

. and contours in metal sections by generating laser induced
compressive stress on the surface of the metal workpiece. The laser
process can generate deep compressive stresses to shape even thick

20 components without inducing unwanted tensilé stress at the metal
surface. The precision of the Iaser;mduced stress enables exact
prediction and subsequent contouring of parts.

In the present invention, a light beam of 10 to 100]/pulse is

imaged to create an energy fluence of 60 to 200 J/em? on an absorptive

25 layer appiied over a metal surface. Typically, water is flowed over the
absorptive layer. The absorption of laser l.ighf causes a plasma to form
and consequently creates a shock wave that induces a deep residual _

compressive stress into the metal. The metal responds to this residual

stress by bending.




Figure 6A illustrates the production of a predom nately one dinensi onal

curvature by placing dense rows of doublely peened area a sur wth
| ar ge spaces between. Figure 6B shows a panel such as s?@gﬂ“f"ﬁrﬁkgﬁge 6A

~ that is 5 further straightened in the y dinension by peening densely al ong
_the orthogonal y-dinension on the back or concave side of the curved
section. DETAI LED DESCRI PTI ON OF THE | NVENII ON Techni ques for |aser peening
are disclosed in co-pending U S. Patent Application Serial No. 09/133, 590,

titled "Laser Beam 10 Terpirawelkelo®pabhedpt Tdihedd hrahfikalldsSls rghock
Processing”, incorporated herein by reference. Laser technology usable in

the present inventPBRurshigsaetal sapenents. Thepaneapt oNusing, 0185er300 tit | ed

"Hi gh Power Regen j Lifier, . plncorporated herein by
reference, and U. g gagegsrﬁbé%?a%bmf@%e?icﬂngé b = ,m‘ﬁFLGHS Beam 15
Qual i ty Regener at wideljprhdticed for'ingroOirigNROFROt B Gf RSl doorihEtence.

~ Enbodi nentsé(zf Ia?aer systens usable in the present invention are descri bed
in U S Pateht Nof2tgusgtckg and qaspsian ngiemresaat pvenbion Nppliesva Besedwi dt h

Solid State L P | i f . 20,A f
For i ng. chapee andREPERAIAD Sle RleBrd btal ROBRGET) Aot B DR | acer
i nduced conpr essi lealsdurestard EBespplpthgQhe EH&kSﬂéxfeag%ﬁe&fuPﬁ&fﬁrqq;rg dahe | aser

pracess can generate deep conpressive stresses which greatly aid in the

shapi ng of thick %Wﬁ%ﬂ@lﬁggmﬁégﬂﬂmgmﬁgreaﬂatmnﬂeMdsmtress at
i nduced stress enabl es exact

the metal surface p i.sion.of t | aser, { _
prediction and su%%%%ggh:rﬁ%olﬁ% SRR yﬁﬁﬁ@erﬁf@i S AVEEERPRYeENd
shapi ng of 10etal lasirpseenbserdtetdt @pécifidiphiamae: tolgdg@r%?,g . :
undesirable tensile stress has inportant usegsi n DOD dn &g%@ﬂa r"é‘g}if

appl i cations,. esgamonents. Thisdaserpeen forming prarepsis espeniginasdfal fofhe .abi ity
to formthick (3/4: . or thjcker) .netal sections . wll reyolutionize how

t hese thick sect itg[lﬁls(t(gﬁeétefm%}ﬁﬂ& Q'ngl%ﬂﬁnéé}?ﬁb'ﬁ&%“&%ﬁh%}ée% ng skins.
Thi s techni que wicbhtotgke it possible to formparts that otherw se could not

.be formed. As required) detailed enbodinents of the .present-invention are
~di scl osed herein. Howevdhe metal is coverpd witidelayenobmatesial that abisabk esed

nmbodi t . | t . toi i t hat 1y | 0 be -
orbodi o 55 5T, TREPLICSCHRA Yok 8F whll? iASRE bue e DhiBve naiRdl hor or
are not to be inhﬁdﬁmﬁﬁﬁﬁt@sb}lt'}iéilﬁdeﬂgi}%béﬁuehﬁblmflépI irf & Sulk&int:ne cl ai s
b ?e%

- and as a representative basis for teachi ng one ski in the art to
variously pract i Easterigganyfashion: camprentiyesiress is induced over the illuminated

surface. The stress will in turn generate a strain of the top layer of
metal and produce a curvature to the material. The intensity and
20 depth of compfessive stress applied to each local area can be controlled
by selecting the laser energy, laser pulse ufool-print and overlap,'the
pulse duration and the number of pulses applied to each area. The
part can be precisely contoured over its larger area by systematically
applying impulses of local stress thereover. Additional control of two-
25 dimensional curvature can be achiex.red. by the specific density m which
pulses are placed on the surface that becomes convex, by placing
compensating pulses on the surface that becomes concave and by
taking advantage of the increasing mechanical moment of inertia
generated within the part as a component changes to a curved shape.
30 ‘ The laser peening technique can also be used to precisely
straighten components that have an undesired curvature. An




It is a well known concept to use a nechanical neans; such 15 as a peening
hammer or nore recently, the technique of shot peenig, %2 cont our, 8 d shape
thin metal conponents. A conpressive stress is "hanmmer edd JARUATY RO0fe: o
and the netal subsequently expands on one side to relieve this 20 stress.
~The differential expansion causes the netal surfare to curve: The concept
of using a |laser to generate shock waves g?at i nduce a conpressive stress
into nmetals is well known and beconing faifly wi dely practiced 25 for

i nproving the resimpertent efantpie tlcledspor@ahfeal drif @§RFUIhET @RkRGirand
corrosi on By apprggriately appl ying the |aser induced shock to“one side of
the netal a preci &8 Urg@atedbendas a4 esulief pachining heat traaminnt 3ardaphyi ng t he

shock nore genera rger.. scal e curvature can be
achi eved. This i n\bié%%h%ﬁ{aen?rzﬂ oy's %ﬁﬁ}l%é%&énéefﬁg?%‘fe PPy anuary 2004 - 10
average power | asesmpssbive etrepadah€caricatPsig bf thendi AR EriAuACHi eve

preci se shagi ng of conponents. This |aser peen form ng process Is
especi al | y dsef ul PR5F22 Re exstempéerllystupightersidd i nch thick) material that is

difficult to shape or co HeIPly .Sh a.flat nmetal plate 10. After
application of the |aser ﬂ%@%{rt{aﬁg pr 8?8%@“{?%%??%%3?&??t%@ met al
pl ate achieves a plefils @eheiiising b tAlored badie Wt ﬂaﬁbﬁ?r@ﬁl’e@md%?a odi ment

S p

.of the present inyention, illustrated in Figure 2, es a 25 J pul se

|l aser (25 J to 100isPre8ie gnipdbe part)impastsshe prataltunifcanmyy pyemihielentirpul se

duration of 10 t .I1Sing.10.,edge the pulse of less than 1

ns. The near fiei |§%§S%HM$?%%&W%?§%E(%}W&8WWP§G mmto 3

mm x 3 nm) 1@i vi ngnetal kgl oldadse m@&wp@&f&n&ﬂgpgé%ﬁt t he netal
y

surface 20. The netal is covered with a |ayer of materi pically an
pol yvi nyl acet at e PFPa4es 2g%epier ylume @ﬂMMQmmﬁﬂckgﬂetdom wahbisor bs t he

| aser light. Al iﬁﬂa@i | aver ., typicall.y a thin |ayer of water 24 froma

f1 ow nozzle 26, éﬁpromﬂéfﬁ a%ﬁ%ﬁ?’ﬁ%ﬁﬁ%l%‘&l%@ﬁé@%@@ﬁ t he

absor ptive mat er withoti? seftdellydiétbHitg thanedalinrtbe | aser beam 28. By

sequentially applying.laser pulses 1n a raster scan fashion, conpressive

stress will be induced oveBRithd) e RIPTION QFIHBRDBRAWINES| aser beam 28 or .

- the 20 netal conponent 7 b Vi to ieve the rastered pattern. The
stress will in turn gen%? gqg‘ss Qpiaﬁijac;r?‘?t ep?%’p | ayer of netal 30 and

_produce alsurvature to FigurgaBehbwb theligvitdtepiddutednd tilembf plarconpr essive
stress applied to each_ | ocal area can be controlled by
after application of the laser peening process to its top surface. _

- Figure 2 illustrates the set up of the laser beam and tamping
layer with respect to the metal substrate and the absorptive layer.
| Figure 3A shows the "top hat” intensity profile of an
20 individual pulse directed onto a metal surface and the strain and
corresponding stress pattern produced in the metal after peening.
Figure 3B shows the "top hat" intensity profile of multiple
rastered pulses precisely spaced to produce uniform peening strain
and the uniform strain and torresponding stress pattern in the metal
25 after peening with the rastered beam.
Figure 4 shows the means for imaging the laser near field
onto the absorptive layer on a metal surface.
Figure 5 illustrates the removal of unwanted éurvature ina

drive shaft by laser peening.




sel-ecting the | aser energy, |aser pulse footprint and overlap, the pulse 25
duration and the nunber of pulses applied to each area. Jgo dinegﬁhgna
curvature can be achi eved by selectively controlling th% PEHaB% and
the intensity and nunber of pul ses used in each coordinate direction.
~Additionally, deformation in any desired direction can be enhanced by
mechani cal Iy i nduci ng a bendi ng 30 nonment.gal t hough below the yield imt

~of the metal) in that direction during application of the |aser peenform ng
pul ses. 14 January 200&igure 6AdEusicates Hie produttign epppredominatelsond- |

directly effect t cal ,curyvat ure, -the rt can he i sel ont our ed
over its |arger ap@glﬂﬁi}g@@gﬁ%@&q@%%%%@*y%@&@ﬁe BPe‘F%eég‘Tregtress
over the | arge arefa shrfatd witR B@p@c@m@én,surface 40, the "top hat™

intensity profile 42 of 5 an individual pulse directed onto netal surface
40 and the strain and coFigeebhshenys 8panelsushas showrdn Figurk6Artbatis aft er

peeni ng Figye 3B.shows, a. netal .surfare 50.and the ."top hat",intensity
profile of lr?rul ti pf\gn}eég’msg&’ﬁﬂl%g%e%2@%‘%%”5@%?5%‘3_9@%} %&‘58 to
produr e uni f or m pgghégithadiiddinBasidh enltheBhdk Sh@WeatdBdebi thaldirsdd ai n and 10

corresponding stress pattern 58 in the netal after peering with the
rast ered beam Pr#gtigfhon overlap of nultiple pulse profiles conbined with
=) aT=F-Ta

the rectangul ar profile @mgﬁliformintensity
=~ Figure 4 shows

profile produces a snoot F=S MEED DESCRIE
an optical set up that %ﬁ@ﬁﬁﬁm&r;ﬂﬂmgléeaﬁaoa@@m& fpto the
; g are .

abl ative layer. The near filed 60 is expandeéd in negative tens 62, is
col limated by firds. Paent Applidains Segal Mnd09/d38,68Q) ¢itledi Thsey@enini ve | ens 66

of the I acd? beant Bl ped SRRGR TelgBRERRe Loser Shbck BRetih or m s i onei 1y
profile and prevanéspBha&Phéteii Y tdicandd HdseMeBRAHS) DeaHIAEMR Y hot

spots. In an anal ogous way to achieving desired shapes In nomnally flat
metal , the | aser present inyendemis dpgerikerhindd.SuBatént Nop3,285,314 titlest Hghht en

.conmponents with undesi red.cuyvat yre...An i.nportant , exanple includes :
mechani cal dri ve%%ﬁ”ﬁ?%g%?mé%asﬁﬁéﬂ?léé% 'ﬁ%rﬁﬂ%‘ﬂﬁ%‘e_ ¥l as a result of
machi ni ng; heat tERANEHN w.srﬁﬁ%mopsm,mrﬁtmnwﬁ%ﬁwweﬁ Bhapes. By

sel ectively appl ylur;gj conpressi ve stress to the concave side t he unwant ed

curvat ur e, 13 par Quadity BegenpsativesAmnplifier,” alse sicgiparnted heReihdnyriefegence. Fi gur e
5) an unwanted c ature in.drive shaft %geef'réthrermved_ béBgeenforn‘i ng on 30

the short side o Pty of ¥ SPresspt FYeRP ftfed with an

absor pti on/ abl at idestribad ¢ USY Patht Nd. 8/589,863 Lifye . Pfisé MA@, beam 86 14
January 2004 is applied to the short side of the shaft and the shaft
strai ght ens as niNagTqw-Bapdiviib Salid StadplLassy’ incarpratgddesgin by predoni natel y
one-dinensional'gﬁgvaéure is achi eved by placing dense rows of doublely

T e, . . .
peered area on a Strface 5 with |ar ge spaces between. The one-di nmensi onal

nature of Johe peening rastobéssifér fo hiapes sh@ Battoty MahetaPsectibnd™| gur e 6B,
a panel such as shown in Figure 6A is further straightened in the y

di nensi on by peeiivialyed isesepf dasenipdused semparssivalstrgssgenermtedandhe t he back
or concave side %‘I" tggf&%rved section. Finally it is recognized that the 10
mechani cal nonen gafc I'mértia or stiffness about the axis containing the
curvature (x-axismetall Thelasex pravess canigenerse deds cdrfiprepsive stedseewhidy appl yi ng
the two techni ques discussed above, the increased nonent of inertia aids in
creating the prcf@ibnaid inghe diRping oithiskspmpanentey itheut irducingi t  al  peeni ng
pattern igsappligd, sypgetrically and uniformy to 15 the part so that the
curvature and nonents of inertia develop in a symretric way. The foregoing
description of ttamsilestresnidtale hetalbarfacey Theprédsion of thelsisee sedudet
illustration and description and_is not intended to be exhaustive or to

limit the i nventStisss enablesexast predigtionand sebseuentseRPUring R AR5 f i cat i ons.
and variations are pos gIEq i i f fngaotf t l T odi nents
wer e chosen and descri f)#e Shgoellg!tuggkg as'FEr‘lBt e %yﬁlcﬁ%%f@é{}gfs?ﬂgoﬁmenti on

and its practicahduqipgi cation to thereby enable others skilled in the art
to best use the invention in various enbodi nents and with various .

nodi fications suited to the 25 particul ar use.-contenpl ated. The scope of
the invention is to be defined by the follow ng clains. 14 January 2004
13 :



What is clained is: 1. A nmethod for form ng shapes and contours in netal,
conmprising: providing a netal workpiece to be forned; ¢ ratin er

i nduced conpressive stress on a surface of said netal miaﬁaﬂé'@é?&hﬁ?ﬂ a
desired shape is forned therein; and enhancing the anmpbunt of a bend

. produced in said nmetal workpiece by utilizing a mechanical bendi ng nonent
during the peening process. 2. The nethod pf claim1l, wherein the step of
generating | aser induced conpressive stress further conprises selecting
l'aser energy, |asendeirabR teRflebitredd had ideRIrtaRYLSE IRYRDDAR] BlmergYr ati on
and nunber of .pulses: applied to each area of said netal. workpiece to
control intensityamliratiens kspeciallyrip rirswiftandsaerospacappinpedents. Thed each

| ocal area of saigd. le wor.kpi . 340 The. pethod of ¢laim.2, wherein the
step of selecti ng%"ﬁ@’ttﬁafgreurl ﬂgﬁ%gﬁ (E%P‘rp?riktg‘bcgg’gé?%ﬂfﬁeﬁﬁo%” er energy
within a range ofrekflulichfze Hiv theB€ thitktibetBonare FB8ndELd} £laimz,
wherein the step of selecting the pul se duration conprisés selecting a

pul se duratfon wi9RIRPNEN agwing skigs.tThiv@chaique wiltmakest posbibie tel ai m 4,
wherein said pul onpri.ses [i.sin d of less than 1 ns. 6. The nethod -
of claim1, wher ﬁﬁt&%ﬁ%ﬁ@?%@&?ﬂﬁbq%@i nduced conpressive stress
conprises covering said a® @h@aﬁda&ﬂéu&nb@arﬁ{m%még;&éﬁhtm%ﬁéﬁsorbs_

| aser light. 7. The nethod of claim?2, further conprising I nmaglng the near

~field of said | ases disglosedhereins j Hewevers Hiisitorheturidensto g theatehe distlbsddinuar y
2004 14 8. The m%tl%o .of claim?2 furthfar cgﬁérisi ng.i nagi ng, the near field
of said |aser to“® bTe%ﬁs_f’éeFﬁrédY%‘?IHB ATHOEREent HMsRECB I dhReen 60 and

200 J/cnp h i ' of claimé,
cn2 gt hebewhitadedih m&@&%.@@k&bﬁ%%ﬁﬁ%&%@&@%@e& claim

wherein said material conprises plastic. 10. T of clarm9, wherein
said plastic is bereinamhdtiohe intgrpsetedes lisiiing oyt odtheohs a basis farahe at e

plastic and pol yyinyl chloride plastig. 11. The nmethod of ¢laim 10, wherein
said plastic is ?(?cﬂﬁ? %F%Prf%ﬁ‘%t{‘ﬁcb@ﬁ{s]ﬁi .ea'%"i’égﬁ"@?gl&‘g]eﬁfn €A 6,
wherein the stept@éugﬁggrﬁ%kﬂgbﬂh@ﬁwgg%ggoﬁonpr essive stress further
conprises flowng a thin 1layer of "water over said material, wherein said

thin | ayer of water act¥issweltlmmpymepricayio.usg 3 mddhanivet mednm)such ai m 12, .
wherein sai.d thin |layer of water is approxinmately 1 mm._thick 14. The net hod
of claim %5 mheraé%%P‘%ﬁ%“% @EWO@B?P&FE%BHQY@%M%& U % ve stress
conpri ses sequendodhtdtrapgl Yi Nng | aser pulses in a raster scan fashion on a
surface of said netal workpiece, wherein conpressive stress will be induced
over said surfactapgeinenetakedmperempr: o somprestive stress is himmevedi generate a
strain of the thtC;@éer of said netal workpiece and produce a curvature in
said netal workprece.” I5. The nmethod of claim1, wherein the step of

generating | asermétatiaed theGRBTRI QftHkYReritly pEndOEPbAS Sisle 36 kAL VREY appl yi ng
conpressive stress to_the concave side’of a netal workpiece having an

unwant ed é%r vat $Eess: oThedifferemtinbenpansion canseh thennetad autface toAirvenuary 2004
15 16. The nethggof claim1, wherein the step of generating |aser induced
conpressive stress includes generating |aser induced conpressive stress on

a surface of saindept af usifg kIhRE o pétierdte shélasivans thABREutSa f or med therein
wi t hout i nduci n% unwanted tensile stress at the surface of said netal
wor kpi ece. ompresstve

stress into metals is well known and becoming fairly widely practiced
25 for |
improving the resistance of metal components to fatigue cracking and
corrosion. '
By appropriately applying the laser induced shock to one
side of the metal a precise local curvature can be achieved and by

“30 applying the shock more generally over a broader area, larger scale

curvature can be achieved. This invention employs a high energy, high




17. The method of claim 1, further conprising controlling peenformng in
two di nensi ons by selectlvely appl ying pul ses to a two- nsi on rea,
control ling the nunber of pulses applied at each spot aﬂ‘bggﬁé'amabﬂgi ty of
each pulse. 18. The nethod of claim1, further conprising controlling
peenformng in tw dinmensions by selectively applying Pulses to a

t wo- di nensi onal area; controlling the numi r of pul ses applied at each spot
and the intensity of each pul se, by placi @ conpensati ng pul ses on the .
surface that becomRgagOpSR¥CladitdsdtYo bFdrhiatt 3UMAR SOG nf: asi ng
mechani cal nonment of Tnertia ?ener at ed w thi'h the part %113]]8 ?grgr{')%nent

: changes to a curvwalp@mgg COINpRIUS. aITuslaEeIrpefanrfmmg-z gparess ignd cont our s

tal Kk - al ble of
broduci ng a ser| corgyiafif Bhie %r%ag%xﬁ%?%ﬁhaﬁéé?ﬁn% ORABARSL R d seri es
of |aser pul ses hdisfcil BRAKEY oMb, qa@ﬁ@qml owst fad et]ai’gi'até’fé pul se,

wherein said each | aser pul se has a pulse duration vmt range of 10 ns
to 20 ns and a riAftenpppligetiothaf thedaseepeenimgpratesssp it t\lzﬁyeffaeélmgerl al that

absorbs light fi xe%ﬁga hed t taI wor kpi ece, erein_said materi al
conprises plastic, E‘F%}g% QYRS 28 SROWB | FigHre 1Beet at e or
pol yvinyl chloride pl aSt%emmeﬁ?HP&%p%%t%ﬁreﬁan fuk@ygh vt er

e

flowi ng over said |ayer of material means for | nagi ng near field
of said each Ias&ﬂgtpgﬁseses@ﬁ]wopuseiaeeomgaodmhympm fpaheri al , wherein

said series of Iaseroé])ul ses ene%%te cprrpre%m ve stress _on the surface
of said metal wofRBf&EE a'” Py qfd f“é?ﬂé‘éapﬁ@r%imgwthout

i nduci ng umrant eddgeps ik agésaéﬁ% %S g kpi ece.

20. The apparat us %f cl aefapm 19 gllt‘n%ga ?rg%nﬁgl or [ %g St\i\’ﬁi near

field of said eaemel(axgmg)&bwmgémdmﬁmhsmaﬁ vmgsﬁeﬁ&gg spot size
to provide a8 enﬁ g%: nce éQ §b‘i\f n 60 and 200 J/cn2 at the surface of
said metal workpt'8 3i¢) 573t the metl sorfaged: &t metabiispl ast i c
i's approxi mat el yc&@%%dﬂ'a% egﬁmﬁpﬁalﬁn&%ﬁé g’li'a?lz%gﬁy%lgla]c é/\/ner ein said

.thin layer of water is appr0|matey1 ratus of .clai-m

19, further conppfﬁshm@pmmtélgrzoeequ&mk)ﬂhdtybﬁﬂ&bk}dﬁmséras@ft pulses ina .,
raster sc fashjon.on . the surface qf said, netal kpi ece,” wherein
conpr essi \a/1 st r ETRING [AYGE mf}g’eﬂ%eﬂ'y‘*f HEW@W?&%W Plflﬂw Rezde26nher ei n

sai d conpressive l4 r top | ayer of
pﬁrbmmg ol ¢hhHi8 nGROM ARy NN aBlorblige

said netal workpiece and produce a ¢ n sal wor kpi ece,
/ N@ Nm@ Nmi N@ N/insteraNR drid is/iiidnBYaelb NHebaseiNbeard28l [ByRe\juentiall

| A o e
| vay ool el col eabsghemdralidl ealegbedlealaal etk el oal Al sl gy ol el ea

Xdh\ s| wr mhc/Y] | Cb%]lﬁ@ﬂnéé@]cﬁié}ﬁiﬂéiﬁ}a‘é@hﬁﬁﬂdﬁﬂie‘aah%]l%} B@Jxﬁ%%%%&a] ca] ca] caj ca

- ]ca] ca] cal ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! Zj n&o7

Iyt oj e [ VAR a] cajmeetplwimpdreant &@Wme]ch]mhw}ecthc] m} &gﬂa]’n&] caV]ca]ca
I1ClLl "E @OR] 8sEEEEEC '

J ((:g% g?% ;:? Lg?gg]ﬁ%}?& ‘?ﬂdf‘%‘%@] %f% 3inap therten | ’ﬁ’&ﬂ]’z iﬁ%ﬁa’]“éa] La] ca] ca] ca
! ]Ca] Ca} gg]oggl (1:? 112%%!1%%%%%1&6}1%1%1] gg‘]:ca] ca?/ca] cal ca] ca] ca] c*a] ca] ca]
ca] ca] ca] ca] ca] eeqleaqseee]seeqs@@pgxag é@?@é]l@@]l stdacahdajcontroded by ca] ca! 32444535
555556$6<6d666' 77 99/ 0.

. zupkfa\ W] ca] caJca §a§% a%ﬁ?%&ﬁﬁf%é%ﬂ?ﬁ]’%ﬁ]%g]@hﬂ cla']E'al]S%a] ca] ca] caV

& a Wo-
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ﬁ]hm:—lngPJ EEEAEAE;%EE%EQ&%F AN penperat ealsesead Bupash ca) caj cal cayl

a] ca] ca] ca] ca] mbm@&]&ﬁdaicahaﬂmhyﬁd&a&ﬁﬂ&%%ﬁehcal cal SSSTTVWpW
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1098l & () -# 10%biriig( wéat:cslroaﬁh&la(skrpeeh@&miﬁﬁg
10%1 & () - -10‘V$I&() 'PLOYBI & () - H/ 11 K-$1098T'& () - "1098l & ()-6 1096l & () -
FL109C&' ()- 1098l & ()-: 109l & () -S| 1098l & ()-17iH- 1098l & ()- - 10%& ()-




S, 510981 & ()-*109%1 & ()- ) 1091 & ()- |'| 109! & () - P%10%8! & () - Di K-

o%| & ()- v10%I& ()-!P10%& ()-10$l 1081 1031 Y | 910%s! & 41%017 10@&605)
F1'1109%(& ()- \  )dEi K- 109l & () 10%& ()- 10%& ()-

Y1098 () -\ 109%& () - \Z10%& ()-)hY ?2i K-" 10981 $10%& ()- |
1$""109%Nn& ()-!| PFc10% ()-f10%& ()- 10%& ()- S10%& ()-& i  aBiK-
10981 S, 109%>& ()-F!'S, 109%& ()-F*10%& ()-,)10%, & ()- ' 109%& () -
940998 ()-Xrdv7- | PLOYI & ()- 10 10 10!f7280& ()-< 4Z10%& ()-Y

210%)x & Y )110%/ & () Be€hfiB 160%8s o ol & () -
|100/$f(&8 #5)100/$|&()9100/$|&() h\ }p%p\% lveﬂ%gi g(‘%@h é? %/%@()-!3&
1098$8& ()-v 10%@wmmgm&ap)belpr&mg&qmoum5m&m larger area by

systematically applying impulses of local stress over the large area.
Figum 3A shows a metal surface 40, the "top hat” intensity profile 42 of
5 an individual pulse directed onto metal surface 40 and the strain and
corresponding stress pattern 44 in the metal after peening. Figure 3B
shows a metal surface 50 and the "top hat" intensity profile of multiple
rastered pulses 52, 54 and 56 precisely spaced to produce uniform
peening strain. The figure shows the uniform strain and
10 cofresponding stress pattern 58 in the metal after peening with the
rastered beam. Precision overlap of multiple pulse profiles combined
with the.rectangular profile of the laser bean and the top hat uniform
- intensity profile produces a smooth surface finish after peenforming.
_ - Figure 4 shows an .optical set up that can be used to image
15 the nealr field onto the ablative layer. The near filed 60 is expanded in
negative lens 62, is collimated by first positive lens 64 and is imaged
with positive lens 66 onto the ablative layer 68 on metal piece 70. The
imaging of the near field of the laser beam onto the absorptive layer
produces a uniform intensity profile and prevents phase distortion
20 from producing intensity hot spots. |
In an analogous way to achievihg desired shapes in
nominally flat metal, the laser peening technique can be used to
precisely straighten components with an undesired curvature. An
important example includes mechanical drive shafts that can acquire
25 - anunwanted bend as a result of machmmg, heat treétment, hérdening
or other manufacturing processes. By selectively applying
compressive stress to the concave side of the unwanted curvature, a
part can be systematically straightened. Referring to Figure 5, an
unwanted curvature in drive shaft 80 is removed by peenforﬁﬁng on
30 the short side of the drive shaft. The drive shaft 80 is provided with an
absor?tion/ ablation layer 82 and a tamping layer 84. A laser beam 86




1Y s610981 & ()-v 4109| & ()-0310%l & ()- 1) 1091 & ()-!<.0! 1098$& () -V
, 1098& () - V\%/ZJ nLbC- |61(()%)x& ()-J61090& ()-J10%x& () P%%/@x&gééﬁ 103l
10$| 1031 8° 109l & ()- L&a?bC P, 109%00& ()-y!/$10% &3¢y ()-
1090x& ()- j 1090x& ()-610%Ox& ()-J7{ dBbC !!.10%0x0x& () v p, =10%x& () -
C*10%0x& () - ,)109%Ox& ()-3|' 109%Ox& ()- <10%x& ()- NbGC !'!110%08 () -
P10%0& ()- 100x 100x 100xY 9g10%0x& ()-7 1PH& () v F1=10%9& ()-! c

! - 11 @o%os 10% #F v10%& () - #v10%& (
85?}&9 ()-%10%3&( %17 ap ﬁ(o) the-shomp sideiof dhe shaft and the sz-laft straightens as

0 0%08! ) - #10%08 () -
0?/)/‘135‘0/& (1) £ (;)#|n§t## %ﬁé%%‘ - S$IL0%08 () - " L0 ()-1!" 10%& ()-

10908 () - GLO%& () - #SKSSS BERRFIEEA, a@i&%a&r(a}elj: ofie-48¥éndidnal curvature is
achieved by placing dense rows of doublely peened area on a surface
5 with large spaces between. The one-dimensional nature of the peening
results in a one-dimensional curvature. In Figure 6B, a panel such as
shown in Figure 6A is further straightened in the y dimension by
peening dénsely along the orthogonal y-dimension on the back or
concave side of the curved section. Finally it is recognized that the
10 mechanical moment of inertia or stiffness about the axis containing the
curvature (x-axis in our example) increases as the part curves. By
applying the two techniques discussed above, the increased morment of
inertia aids in creating the preference for one-dimensional curvature.
The initial peening pattern is applied symmetrically and uniformly to
15 the part so that the curvature and moments of inertia develdp ina
symmetric way. '
The foregoing description of the invention has been
presented for purposes of illustration and description and is not
_ intended to be exhaustive or to limit the invention to the precise form
20 disclosed. Many modifications.and vari“ations are possible in light of
the above teaching. The embodiments were chosen and described to
best explain the principles of the invention and its practical application
to thereby enable others skilled in the art to best use the invention in
various embodiments and with various modifications suited to the
25 particular use contemplated. The scope of the invention is to be |
defined by the following claims.




, 10908 ()- *10%08& ()-31)&10%08& ()- ' 10%08& ()- Y] &P&Y&r &S&EE&HC- | 10908 () -
P10%0% ()- 100 100 100v 8310%% ()- v S610%0% ()-v 310%0% S%hﬁ‘grif‘gobh(dEbC'

1\ =10%0% ()- SF10%08 ()= \) =10%0%' ()- \y=10% & {()- J
\ =100&&' () - SF10%08 ()-(3)X))) *WdEDC ! c10%0& ()- 0010%%: () -
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100 100 100 9i 10%08 () - 7CLO%08! () - cLl10%&' ()-'3 . $10%{& ()-
bib{)/gg()??Egg@ | 108008 ()- @09 ()- 1] 10%4 ()- \6-10%
()-00:1] 1112dEVK@ ! 101 109@& ()-# 10%& () - #plo%R&
10%& () - @913%.? ‘56%5"?5‘1%229 4 ;% Y
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STH10% & () -
303dEVK@ ! 10' 109%R& ()- %A0%R& ()- 9$10%R& () -

"100R& ()-1 109R& ()- c 109R& () - 033324445dEVK@ ! 10210%R& ()-c1s10%R& () -

.910%& () -p, 109R2& ()- *109%R2& ()-3,)] 10%2& () -5355555555bC
1. A methcgc? for forming sh(a%)es an)d]contours igl)metal, compr?s?ngl?c

-providing a metal workpiece to be formed;
generating laser induced compressive stress on a surface
of said metal workpiece until a desired shape is formed therein; and

enhancing the amount of a bend produced in said metal

workpiece by utilizing a mechanical bending moment during the peening process.

2. 'The method of claim 1, wherein the step of generating laser induced compressive

stress further comprises selecting laser energy, laser pulse footprint, laser pulse overlap,
pulse duration and number of pulses applied to each area of said metal- workpiece to

control intensity and depth of compressive stress applied to said each local area of said

metal workpiece.

3.  The method of claim 2, wherein the step of selecting the laser energy comprises

selecting a laser energy within a range of 10 J to 100 J per pulse.

4. The method of claim 2, wherein the step of selecting the pulse duration comprises

selecting a pulse duration within a range of 10 ns to 20 ns.
5. The method of claim 4, wherein said pulse comprises a rising edge of less than 1 ns.

6. The method of claim 1, wherein the step of generating laser induced compressive

stress comprises covering said workpiece with a layer of material that absorbs laser light.

7. The method of claim 2, further comprising imaging the near field of said laser to a

spot size on said metal workpiece.
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. GLOYI $1 & (8- Yrhe method of claim 2, further comprising imaging the near field of said laser to a

spot size to provide an energy fluence of between 60 and 200 J/em? at the surface of said

metal workpiece.
9. The method of claim 6, wherein said material c'ornprises plastic.

10. The method of claim 9, wherein said plastic is selected from a group consisting of

polyvinyl acetate plastic and polyvinyl chloride plastic.
11. The method of claim 10, wherein said plastic is approximately 200pm thick.

12. The method of claim 6, wherein the step of generating laser induced compressive

stress further comprises flowing a thin layer of water over said material, wherein said thin

layer of water acts as a tamping layer.

13. The method of claim 12, wherein said thin layer of water is approximately | mm

thick

14. The method of claim 1, wherein the step of generating laser induced compressive
stress comprises sequentially applying laser pulses in a raster scan fashion on a surface of
said metal workpiece, wherein compressive stress will be induced over said surface,
wherein said compressive stress will in turn generate a strain of the top layer of said

metal workpiece and produce a curvature in said metal workpiece.

15. The method of claim 1, wherein the step of generating laser induced compressive
stress comprises selectively applying compressive stress to the concave side of a metal

workpiece having an unwanted curvature to systematically straighten a part.
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stress at the surface of said metal workpiece.

17. The method of claim 1, further comprising controlling peenforming in two
dimensions by selectively applying pulses to a two-dimensional area, controlling the

number of pulses applied at each spot and the intensity of each pulse.

18.  The method of claim 1, further comprising controlljng peenforming in two
dimensions by selectively applying pulses to a two-dimensional area,’ controlling the.
number of pulses applied at each spot and the intensity of each pilse, by placing
compensating pulses on the surface that becomes concave and by taking advantage of the
increasing mechanical morﬁent of inertia generated within the part as a component

changes to a curved shape.
19. An apparatus for forming shapes and contours in a metal workpiece, comprising:

a laser system that is capable of producing a series of laser
pulses, wherein each laser pulse of said series of laser
pulses has an energy within a range of 10 J to 100 J per
pulse, wherein said each laser pulse has a pulse duration
within a range of 10 ns to 20 ns and a rising edge
that is less than 1 ns;

a layer of material that absorbs light fixedly attached to a
meta) workpiece, wherein said material comprises
plastic, wherein said plastic comprises polyvinyl

acetate or polyviny! chloride plastic;
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on the surface of said metal workpiece until a desired
shape is formed therein without inducing unwanted

tensile stress at the surface of said metal workpiece.

20. The apparatus of clairh 19, wherein said means for imagjng the near field of said
each laser pulse images said each laser pulse to-a spot size to provide an energy fluence

of between 60 and 200 J/cm” at the surface of said metal workpiece.
21. The apparatus of claim 19, wherein said plastic is approximately 200um thick.

22, The apparatus of claim 19, wherein said thin layer of water is approximately 1 mm

thick.

23. The apparatus of claim 19, further comprising means for sequentially applying laser
pulses in a raster scan fashion on the surface of said metal workpiece, wherein
compressive stress will be induced over the surface illuminated, wherein said
compressive stress will in turn generate a strain of the top layer of said metal workpiece

and produce a curvature in said metal workpiece.




