| MMROVED M D-1 R LASER FOR GENERATI ON OF ULTRASOUND USI NG A CO2 LASER AND
HARMONI C GENERATI ON BACKGROUND 1. Field of Invention [0001] The invention
rel ates generally to the field of non-destructive testing. Mre
specifically, the present invention relates to a systemto create a

m d-range infrared generation | aser beam using a carbon dioxide (CQ2) |aser
and generating a harnonic of the CO2 |aser output. 2. Description of Prior
Art [0002] Recent devel opnents in creating conposite nmaterials have
expanded the use of conposite materials into a wide variety of

applications.% ' ' t h b1 ?ﬁwﬁcﬁgﬂ'qe wWthits
| ow wei ght, d @ﬁ@%ﬁf@%}g O gﬁ%%% .itOl%(It) oys asat e base
material for certain |oad bé&aring conponents. For exanple, conposites are
now commonly used as a materi al folg;@ﬁgk?_ggp%s and structure in vehicles

such as autonobiles, watercraft, . However, to ensure conposite
mechani cal int edti¢ld of Inyentiont

[0001] The invention relates generally to the field of non-destructive testing. More
specifically, the present invention relates to a system to create a mid-range infrared
generation laser beam using a carbon dioxide (CO,) laser and generating a harmonic of the

CO; laser output.

2. Description of Prior Art:

[0002] Recent developments in creating composite materials have expanded the use of
composite materials into a wide variety of applications. Because of its high strength and
durability combined with its low weight, composites are replacing metals and metal alloys as
the base material for certain load bearing components. For example, composites are now
commonly used as a material for body parts and structure in vehicles such as automobiles,
watercrafi, and aircraft. However, to ensure composite mechanical integrity, strict
inspections are required. The iﬁspections are typically required upon fabrication of a

component made from a composite and periodically during the life of the component.

[0003] Laser ultrasound is one example of a method of inspecting objects made from
composite materials. The method involves producing ultrasonic vibrations on a composite
surface by radiating a portion of the composite with a pulsed generation laser. A detection
laser beam is directed at the vibrating surface and scattered, reflected, and phase modulated
by the surface vibrations to produce phase modulated light. Collection optics receives the
phase modulated laser light and directs it for processing. Processing is typically performed

by an interferometer coupled to the collection optics. Information concerning the composite



i nspections are required. The inspections are typically required upon
fabrication of a conponent made from a conposite and periodically during
the life of the conponent. [0003] Laser ultrasound is one exanple of a

met hod of inspecting objects nade fromconposite materials. The net hod

i nvol ves producing ultrasonic vibrations on a conposite surface hy
radiating a portion of the conposite with a pul sed generation |aser. A

det ecti on | asede ReaaMESficth necsas msdutaked ghtpradessig, thenffacatiangclsdatieer ed,
refl ected, and phase nodul ated by the surface vibrations to produce phase
nmodul at ed | dg&tion GDthes; delimimybibise orpstiycandefibet hdorphticme Grpdutlyaltnedn [lasrer | i ght
and directs it for processing. Processing is typically perfonned by an

i nt er f er onetleasoaBUfzteedons Gydttras coll Ifectratyring pompasite Fanded objadts bavecohviedni ng t he
conposite can be ascertained fromthe phase nodul ated |ight processing,

t he i nf or matneogy andcdpatiiem rothéfraoerer) iAd tweetordaskdypieh lagarberat ¢rerey valsey osi ty,
and fiber information. Currently known |aser ultrasonic detections systens
used for an&lryaiidinfrarndyoesiration {aserdpeam eygjabeut $0 milidovdes| (i Withp e iend
repetition rate (frequency). At a target surface, typical |aser beam energy
val ues for &eqreneyohpbont EH%%KH?)ati on | aser beamare about 10 nilli-Joul es
(mJ) with a correspondi ng frequency of about 10 Hertz (Hz). 100041 SUMVARY
CF | NVENTI CipoaH0anviviAisy oeIaVENanoNn i s a method of ultrasonic testing a
target object using a high energy generation | aser beam conpri si ng,

provi ding arqgg%olgi@a@s%d R&aMis PROHMESNBrRBodiMcRBIaGarpdt objd& uSikE a has GherBeam

directing t | aser beam harnonic to the target object,

t her moel ast i,galdi¥n BXE ibbdndGonibriskp,[RGRIIY a COL 1k bESK, pIdi@sd a KdmeHiOsiEe
ultrasonic gi spl acenents on the target object,- and neasuring the

ul trasoni ¢ ¢icRPlass HIBAL Sirectlhpe the@Oh FiséfObtat Mayohie 1@ tisea@aidotgdct, athériioy d
harnonic. An optical fiber nay be coupled to the CO2 | aser beam The CO2

| aser beam BREFRINI E&cRIAGBGYrTRE of the tirgdt gjbct ab pedice mibtyasdnte didpldcemsits daChe
mlli-Joules, at least 75 mlli-Joules, at least 100 mlli-Joules, or at

| east 100 Hzarget bbje€Oend mssanritpethenuhiasanizndispldcereepie nthe @02 himeoniamgpat beobj ect
may be at |east 200 Hz, or at |east 400 Hz. The COQ2 | aser beam har nonic
wavel engt h meynd angthirfl hamoalsoutn Gtipdl dibensait ke @bpled to4heCO?2 daser besmbdhabout
3.2 mcrons. [0006] Al so disclosed herein is an ultrasonic detection
system | n 6KE lewbodintarmonidrnersy gt berfargshhies may baatdsast J0aribir-Joulgs, gEleatbni ¢
beam generation system a CO2 |aser beamemtted from CO2 | aser and

di rected to76mallinarianat ash ihmilifavest rohleasy 00HE BerdCA Rser Ream Bt of the
CX2 | aser beamemtted fromthe harnoni c beam fqlgner ation sgat g%n %nd
direct ed t o figayeapthedypd ebiect iy §p tdisiordP Mert 2t lerb Q0 dPndhe O EshPeam

therno-el astically expands a portion of the target object thereb oduci ng
di spl acenenthémtﬂ‘ilct"f‘?é(elg%ﬁ%g’ﬁy §EE’1g‘F é@)@,ab?‘ﬁé BETBE L9 ”g’ﬁutsze@fcéoﬁ‘? PLPR %’8% 32{)npri ses
a detection Hll:)lgrgrrlg directed at the displacenents,

[0006] Also disclosed herein is an ulirasonic detection system. In one embodiment the
system comprises, a CO2 laser, a harmonic beam generation system, a CO2 laser beam
emitted from CO2 laser and directed to the harmonic beam generation system; and a
harmonic beam of the CO2 laser beam emitted from the harmonic beam generation system
and directed to a target object. In an embodiment, the harmonic beam thermo-elastically
expands a portion of tﬁe target object thereby producing displacements on the target surface,

the detection system further comprises a detection beam directed at the displacements,



wherein the detection beamis phase nodul ated and reflected by the
di spl acenents. The harnoni c generation system nmay be a second harnonic
generator or a third harnonic generator. The CO2 | aser beam energy emtted
fromthe CO2 | aser can be at |east about 4.5 Joules or at |east about 1
Joul e. The harnonic | aser beam energy at the target can be at |east about
50 mlli-Joules or at |east about 100 mlli-Joules. The harnonic | aser beam
wavel engt h Gagemang Qetédtiombadao it phdsenatulired 4no réfleotd b thei dispbenants. CHre be
about 3.2 microns. BRI EF DESCRI PTI ON OF DRAW NGS [0007] Sone of the
f eat ur es andarbeniefdehaatvh dystempngsent second ritaingmichganemr e enthgd dewebpicot her s
w Il becone apparent as the description proceeds when taken in conjunction
wi th the acgarpanyThgCO? dastrivgsn energyveniittdd: frofr0HO P2 Fs, carl be & lastabpis et i ¢
representation of a |aser ultrasonic detection system [0009] FIG 2 is a
schemati c vil@lesof atdeasi abontanigelei Whe arreehiclpser bepranersy aldhy targef pai be ftreast
accordance with the present disclosure. [0010] FIG 3 is a schematic view
of a md ranbet fhhildadeser etriepsiphpuws 10Gsdli-Tasdpsr e hapmanicdeseidhens avayglenstht he
present disclosure.

can range from about 3 microns to about 4 microns or can be about 3.2 microns.

BRIEF DESCRIPTION OF DRAWINGS

[0007] Some of the features and benefits of the present invention having been stated, others
will become apparent as the description proceeds when taken in conjunction with the

accompanying drawings, in which:
[0008] FIG. 1 is a schematic representation of a laser ultrasonic detection system.

[0009] FIG. 2 is a schematic view of a mid range infrared ultrasonic laser source in

accordance with the present disclosure.

[0010] FIG. 3 is a schematic view of a mid range infrared ultrasonic laser source in

accordance with the present disclosure.

[0011] While the invention will be described in connection with the preferred embodiments,
it will be understood that it is not intended to limit the invention to that embodiment. On the
contrary, it is intended to cover all alternatives, modifications, and equivalents, as may be

included within the spirit and scope of the invention as defined by the appended claims.



[0011] While the invention will be described in connection with the
preferred enbodinents, it will be understood that it is not intended to
limt the invention to that enbodinment. On the contrary, it is intended to
cover all alternatives, nodifications, and equival ents, as may be incl uded
within the spirit and scope of the invention as defined by the appended
clains. DETAILED DESCRI PTI ON OF | NVENTI ON [ 0012] The present invention

will now bepggasi kb ekseReTION DY INGERITIGNt er with reference to the
acconpanyi ng draw ngs i n whi ch enbodi nents of the invention are shown. This

i nvention wever . . be enhodi i if . 3 uld not
be constr ug@% r‘?fetseé]a mvEne éN%?P(f ug% (%5 egyg%o@gn}%%%ahgg%%%%ﬁ%r ei n;
rather, thege enmbodi Dravid IiSveftiosC Wi be

t horough an eca_ocFrOpnI”%fl {éEE gﬁaﬁ \%Ig IIF V%‘{hl %ﬁgggﬁr{fgea%fh%%@(g%&eﬁo%‘@? lF1'(§eveihl n\}{le]ir?ti on to
those skill ed [, 06 Rikver koD BBPRISany QtRFent Rrihd 4R BOBTRADLS cbfirgidghout .

For the convenience’in referring to the acconpanying figures, directional
terms are uge b «of GE ENENGE aRchdindnidSki Btth MBre@ rither, FBEse @XBOITMEnts hide
directional ternms such as "upper”, "lower", "above", "below', and the like
are being U?ﬁ)did%d) sd Ihglsr BlcRsde all 8¢ HRRALL harahipire, abd@MBfully toivey the be
understood that the invention is not limted to the exact details of
construct i 0Rgop®RE IR inGdhtioe XAabse IR iimltis:, aror Likehoehbere méfsr ®hidwneleomoiis

descri bed, as nodifications and equivalents will be apparent to one skilled
in the art. tirbughh®. Heant agsendnck wpeerihg mabé anompanging fitassedipedmaliiens| osed
illustrative enbodi nents of the invention and, although specific terns are
enpl oyed, t heyusad dorusfettnéenard itjestretiancondyn d Faesemplet ihe alirsetionad teymis ysueiings not f or
the purpose of limtation. Accordingly, the invention is therefore to be
linmted onl yuipy"t Hewstopeovet, "bHlev'appe ddikedrabeing ufedda djusigteas relatigngli des a
si de perspective view of one enbodi nent of a |laser ultrasonic detection
system 10. Téretiadet ecti on system 10 conprises a |laser ultrasonic unit 12
formed to emt a generation beam 14 and directed to an inspection target

15. The gengg@s] BMs head vhdersrodt dhat shet ieentiors peosdti lomitetiap gbe etdst defaitnof

i nspection surface 16. The generati on beam 14 therno-el astically expands

t he i nspect icomirsiiohaoperdttn] exmt otatedrls orrr espaiiténty shvanne add sfshaibedremt s 18 on
t he inspection surface 16. In one enbodi nent, the generation beam 14 is a
pul sed | asemaifiektiays preiteqbivalpriodilide apprecnivtovse diilel in theratn s the Gragings prd

i nspection surface . _ _
specification, there have been disclosed illustrative embodiments of the invention and,

although specific terms are employed, they are used in a generic and descriptive sense only

and not for the purpose of limitation. Accordingly, the invention is therefore to be limited

only by the scope of the appended claims.

[0014] FIG. 1 provides a side perspective view of one embodiment of a laser ultrasonic
detection system 10. The detection system 10 comprises a laser ultrasonic unit 12 formed to
emit a generation beam 14 and directed to an inspection target 15. The generation beam 14
contacts the inspection target 15 on an inspection surface 16. The generation beam 14
thermo-elastically expands the inspection surface 16 to produce corresponding wave
displacements 18 on the inspection surface 16. In one embodiment, the generation beam 14

is a pulsed laser configured to produce the wave displacements 18 on the inspection surface



16. A detection beam 20 is also illustrated emanating fromthe |aser
ultrasonic unit 12 and is shown coaxial around the generation beam 14.

Al t hough emanating fromthe sane |laser ultrasonic unit 12, the detection
and generation beans (14, 20) are generated by different sources. However,
the detection beam 20 may optionally originate froma different unit as
well as a different location. As is known, the detection beam 20 conpri ses
a det ecti ongney@idchiad behi 28 GadldoanBated @fdhaiz@idm B Hsdp hmaenivadiil atetis upon
contact with the wave di splacenents 18 to form phase nodul ated |ight 21.
The phase napgwih ateil biogkt the kedcra0i0n béeen Ut dtthough chedating Gromsth¢ ke lgcei ved by
collection optics 23 and processed to determ ne information about the

i nspecti on ladsget udib 12, ihe dgerier atd gnerativd teehe (it 20) doegemsrafed by d2ffrentray be
scanned across the target 15 to obtain information regarding the entire
surface 16. sofrcese diaweivemih¢ deitctioh beam) 2Umedontionallyamiginkie flywamdifferedt untGy may be
housed within the |aser ultrasonic unit 12. A processor (not shown) for
cont rol | i ngwelhe ardiffinenhiosstioan ds dgmp e dlte deteptinn heprn 2@ sanmigestristegignavavecor ded
by the collection optics, may al so be housed in the laser_ultrasonic unit
12. The col theids sceiteragpreflectedpmd phase sRdiktcdwpraratast Withohs Wi displeesmenistip asoni ¢

unit 12 and in comunication with the |aser ultrasanic uﬁ%;tt ,12# hrough t he
arrow Al, hevevamhasesrodalsies dght2bn Thrgthpednqdnlpted ekt gd foedke diecton bsam2ser

ultrasonic unit 12, 100151 Wth reference n@w&ﬁg FI G, f2 anc _ex glgl e of a
mi d i nfrar el theageseivey by spilestien tiehHingnd; Boogssed efitmee it augh a °§§ em 30
produces a md | R beam that nay. be d.as the ration beam 14 of FI G
e i d Prepissaredys Bihestisng SEe e o SRR Rt B E0Y o o
| aser beam 44. Schemptically. illustrated.w thin the .S a
mrror 34 a'ﬁﬁletaﬁ B PBH 1”%6“&%103rre émgglt’eer%nfevsté]&f/&dll&s p‘%é%gé’ a\l}mgiﬁﬁ{l%t%tg%‘;éﬁl aser

32. A cavi Ly 30 LanAIOULARHDANFED o NBudll Wiftfn B¢ 18R0ulERURRYG, CRUP! €r

38. Energy Input 'into Ined wmth 't operative

coupl i ng of 1&)@@30&1{& %ov&?ﬁr @orrh%ﬁilng%'r?{e%ha?l}éﬁxf fﬁi@%p@énaﬁ)hﬁ)r g\i&:&bﬁhg ﬁl@l&_ﬁdaer 38,
generate a beam bet ween ese two reflective surfaces. diffraction
grating 42 ﬁts,orﬁn{doé&' gledonttddil PribshBiaf b by hARePR U s REY: uGHERE It 1RSI THet

t her et hrough photons having a particul ar wavel ength. The diffraction
grating 42 wikdioR &MiRs OBV hlkYsidnt fysat Ok @e Shitgl @rasaniel wrgth daeaim 40 in
the cavity 36. [0016] Sone photons of the single wavel ength beam 42 escape
from the COZphras@iatidnitHheOueR ulh@niouhip Ul theapipthe arr@B AL, dofermhacdleRidaeam 44.
The enmbodinent of FIG 2 illustrates a harnonic generator 46 disposed in

t he pat h of ofthem&: ibetaded 44kh thEk@ehdirasaii witg@ner at or 46 converts the CO2
beam 44 to a harnonic to create a harnonic beam 48 passing fromthe

har moni ¢ ge@ﬁgﬂgﬁqﬁkﬁ%@]{en@ﬁd&g .Y, orRRx2d G8lmill in8Fed PflerlsPst N OONS sRGEl Vi Ng

t he har noni or generation and direction of the generation beam

14. The har gppigRERMiAS MBY sPeenfbo HRAUGSGORR MasLRNhA By bdeseld unarment al
wavel ength wth CO2 beam 44. Optionally, the harnonic beam 48 may be at the

third har moBlgstiG besRNB ofFIteN. MARMRIMRGase sybibie 30 usitlae @b, meved esgioh of the
CO2 beam 44. [0017] FIG 3 provides an alternate enbodinent of a md IR

| aser syst emraQacoasebdamt dae SChEndiealnidbtritad wittial i @nagedB? ivpmerrédtdn one
harmoni ¢ generator. In FIG 3, the CO2 beam44 is directed to a second

har noni ¢ geagr at @fpud doublass ceatigay dispreed3uhit @ riasd32 oA aavite 6 ndprhddeioni. c

t hereby form ng the second harnonic beam 49. The second harnonic beam 49 is
di rect ed t obawtdni thel niiaomPhingt dje weipet @uplB038. h&nergyrinpyt @i e reP2hlasendhAi ¢ beam
52 having a wavel ength substantially equal to the third harnonic of the

f undanent al cowahieddenigt the oberttive cOOing h the guirroming erpfetiveratfacopf e @uPBt | s not
limted to the two harnoni c generators shown, but can include additional

har noni ¢ geneipksr 3% geetirapdbead paivach Eheppaive reffectivesurfacser A JEBRALOTFatiRe 17 d

har noni ¢ beam 52 can_al so be used as the generation beam 14 of FIG |
enitted froff prREdGda%iEHn dher @80 é“ds‘iﬁ’&ﬁ%lléed%t?. perRit theptropeh AhpRS kavgeérfer at or
50 can produce the third harnmonic of the CO2 | aser beam 44 either by direct
conversion or can convert the fundamental wavelength and mx it with the
second harnoni c wavel ength to formthe third harnonic of the CO2 | aser beam
fundanent al wavel engt h.



[0018] In one enbodi nent of a detection or testing system disclosed herein,
the CO2 | aser beam can be harnonically processed to have a wavel ength of
bet ween about 3 microns up to about 5.5 microns. Optionally, the CO2 | aser
beam can have a wavelength in the entire md infrared range. Optionally,
the CO2 | aser beam can have a wavel ength of from about 3 mcrons to about 4
mcrons. Optionally, the CO2 | aser beam can have a wavel ength of about 3.2
m crons. [ OpatidjulaOmweveadngthh elheulifiraciidy arsting)és wihinghgptayify Ag thys slgdgle for the
formation of a |aser beam used for ultrasonic displacenent testing of
target obj ewewlepgih pepan 4} igHhespéP g avail able with the G2 |aser. The

i ncreased energy correspondi ngly produces di spl acenents wi th higher

anpl i t udes; [0016) Sot PHbIPES of TOE &irdleSwivelcfgtibasmi rienaedps feond ther ©0j Bbkors2i n t he
recorded testing data. [0020] The CO2 | aser produces a beam whose

wavel engt h exdueinds ohtparrogda B tOform @ IC0n bednod4a iithe tembddimerg LORIS. amlthstas a usual
wavel ength of about 10.6 mcrons. Laser beans at this wavel ength have a

rel atively shahmbowgeptaadb déppehintheprtidofitbe COdbtam 4o rifhe dameniveeerdter] s whi ch
concentrates | aser beam energy at a conposite surface. Conposites can be
damaged by ®ObnveatsdlresCOf bermdt4rieie haraveie g/ crpaie @ ppinorid beamn theasging freredheor t he
beamis allowed to contact the surface for a protracted period of tine.
However, | aBamoneggigraion4q. Heptiepally] R ophgagBber p4 é‘.SPO‘YITfS?ﬁ“a‘Eﬁig? hagmeRi¢hedms t o
about 4 mcrons, have an increased optical depth thereby allow ng nore

| aser ener gf® Pohe@erHen g dperdirr %ﬁ%geﬂ’%‘é‘é’%e?ﬂd& Thehar fepm @p may be alc e

bl at i . Thus, ddj ti dvant f t ic.testi f
Compost t & wit o DR e A R, N hoo DTS A GRbleBekn DEVPED- (Bed
havi hi gher . I I [ d hi gh itud

i spl SconentebH PRe faud gt LG P50 ph S R Tl

designed to e%‘m%gh%fm"%bg sa%ozﬂ('ji ng | aser beam 44 at various val ues of
at Tea

energy. Val U&s™0 “%One" Joul e up to and in excess of about 4.5

Joules may be realized for a CO2 | aser 30 desi'gn. Additionally, the CO2
| aser 30 cal0bd HGn} pt@ﬁi,d@ﬂansqy@wate embodiment of a mid IR laser system 30a wherein the

CO, beam 44 is conditioned by more than one harmonic generator. In FIG. 3, the CO, beam
44 is directed to a second harmonic generator 47 that changes the CO, beam 44 to a second
harmonic thereby forming the second harmonic beam 49. The second harmonic beam 49 is
directed to a third harmonic generator 50 that emits a third harmonic beam 52 having a
wavelength substantially equal to the third harmonic‘of the fundamental wavelength of the
CO, beam 44. The embodiment of FIG. 3 is not limited to the two harmonic generators
shown, but can include additional harmonic generators disposed in the path of the laser beam.
The third harmonic beam 52 can also be used as the generation beam 14 of FIG. 1 emitted
from the laser ultrasonic source 12. The third harmonic generator 50 can produce the third
harmonic of the CO, laser beam 44 either by direct conversion or can convert the
fundamental wavelength and mix it with the second harmonic wavelength to form the third

harmonic of the CO; laser beam fundamental wavelength.



that its correspondi ng beam 44 has an energy val ue of any nunber between 1
Joule and 4.5 Joul es. Thus, depending on the conversion efficiency of the
har moni ¢ generators, the energy value of the generation beam contacting the
target surface can be nmultiples of the current value of 10 mlli-Joul es of
currently-available ultrasonic | aser testing systens. Thus, the nethod and
system di scl osed herein can provide a generation | aser beam having a val ue
at target sili%i8lds ovemmbedimer ohe dptgcliop ohfssiine syEfemidispiosed digredls the 4102 1885t about
75 mlli-Joul es, %% | east Fbout 100 m'IIi-J%ulﬁsf and a% Iﬁast about 300

m |1 - Joul eSeamneibe hymenicyly nrersssed R Jak Y25 ength &t tREMER A09UhA ™MREDMUB X can be

hi gher than the_10 Hz currently ayailable. The freguency, K val ues.can be at
| east about a‘i‘tﬂbir%«f?“’ra?& @é‘g?gllﬁb%ﬁﬁg?g&rﬁfﬁm 81“%151&%1%?“ %’8 16 CRYC Mid | east
about 400 Hz t, | east  abo and at |east u

00 ) bout 1 .
H0052] T ool Ry, MR Olased Beenf kan FRBL Yhielefy 8P ol 17

crystals and. jLical S SR I

configurati %‘rllés;f&ysltggbgﬁ{ei éicg%ﬁ Q’Bﬁz@%ll ’creﬁg?sggbﬁag@%%ﬂéﬁﬁgggsﬁf%%@{% Egbofl E)I | owi ng
conmpounds: gggﬁgé AgGaSe2, @@As, @@Se, ZnGeP2(ZGP), Ag&l -xInxSe2,

Tl 3AsSe3( TAS), E%ASZ(CEA), and conbi nations thereof. [0023] An additi onal

advant age of usin arnoni ¢ | aser_beam forned b | aser for |aser

ul trasonic {42} (ﬁ‘ge ‘?fst_ﬂ‘i Wé“}h%firv_'f‘r‘ﬁ?ﬁeé of ‘?ynl’ﬁe%ﬁ%i‘ éas%;etg%t%f?i%‘?{@fwntﬁ adafhge a
AR A e A L G A T
nmeasur abl e di. a nts wthin the target surface. yet another. adyvantage
s the abi | M6 CORURT gt fle et el PSsaB B prodlels ARTHISG (RS

enhanced ngg%ﬁnaﬁgiﬁ}dé; It gr;vihémrgﬁg&e@g&m&u&,&%ﬂm DREisRh PR ecbyeNt | on

er éf or s we adapted to carry out objects and
attain the engs fpd advantages nentioned, as well as others inherent
therein. While a presently preferred enbodi nent of the invention has been

iven for Ses di scl Qsure, nunerous chapge xlst in the details of
O boodur es PO ST FoR Paocrn e bepdbn st PRI Ko patn ot SPRETS 1 ) ar
nodi fi cation i1l .readi |,y suggest thensel.ves t hose skilled in.the art,
T aroni e Srerbal it ntbat K SRER (e ER Bt ¥ 106 IS, ket bEfs it

invention d i\&%%leorl%%dhagg raerieﬂti\%%g sﬁangw %8@08? d(%fth WH& i qg QOxgﬁo%{tJrﬁqaterials

which concentrates laser beam energy at a composite surface. Composites can be damaged
by CO; lasers if too much energy is applied to the surface or the beam is allowed to contact
the surface for a protracted period of time. However, laser beams in the mid IR range, i.e.,
from about 3 microns to about 4 microns, have an increased optical depth thereby allowing
more laser energy into the composite surface without the danger of surface ablations. Thus,
an additional advantage of laser ultrasonic testing of a composite with a CO, beam harmonic
is that the laser beam can be used having a higher energy level which corresponds to higher

amplitude displacements on the testing surface.

[0021] The CO; laser 30 can be designed to emit its corresponding laser beam 44 at various
values of energy. Values of at least one Joule up to and in excess of about 4.5 Joules may be

realized for a CO; laser 30 design. Additionally, the CO;, laser 30 can be configured such



"CLAIMS What is clainmed is. 1. A nmethod of ultrasonic testing a target object
using a high energy generation | aser beam the nethod conprising: providing
a CO2 | aser beam producing a harnmonic of the CO2 | aser beam directing the
CO2 | aser beam harnonic to the target object;

that its corresponding beam 44 has an energy value of any number between 1 Joule and 4.5
Joules. Thus, depending on the conversion efficiency of the harmonic generators, the energy
value of the generation beam contacting the target surface can be multiples of the current
value of 10 milli-Joules of currently available ultrasonic laser testing systems. Thus, the
method and system disclosed herein can provide a generation laser beam having a value at
target surface contact of at least about 50 milli-Joules, at least about 75 milli-Joules, at least
about 100 milli-Joules, and at least about 300 milli-Joules. Additionally, the frequency of the
generation beam 14 can be highér than the 10 Hz currently availabie. The frequency values
can be at least about 100 Hz, at least about 200 Hz, at least about 300 Hz, at least about 400

Hz, at least about 500 Hz, and at least up to about 1000 Hz.

[0022] In one embodiment, the harmonic generators (46, 47, 50) may be crystals and may be
critical phase matched or quasi-phase matched configurations. In one example, the crystals
may be made from the following compounds: AgGaS;, AgGaSe;, GaAs, GaSe,

ZnGeP,(ZGP), AgGal-xInxSe,, Tl3AsSe3(TAS), CdGeAs;(CGA), and combinations thereof.

[0023] An additional advantage of using a harmonic laser beam formed by a CO; laser for
laser ultrasonic testing is the harmonic laser beam is less likely to damage a composite
surface during testing of the target object. Additionally, the high energy of the CO, laser can
be used to create higher and more readily measurable displacements within the target surface.
Yet another advantage is the ability of coupling the CO; laser beam with fiber optics for

enhanced transmissibility of the laser beam.

[0024] The present invention described herein, therefore, is well adapted to carry out the
objects and attain the ends and advantages mentioned, as well as others inherent therein.
While a presently preferred embodiment of the invention has been given for purposes of
disclosure, numerous changes exist in the details of procedures for accomplishing the desired

results. These and other similar modifications will readily suggest themselves to those skilled



therno-el astieally exciting a surface of the target object to produce

ul trasoni c displacenents on the target object; and neasuring the ultrasonic
di spl acenents. 2. The method of claim 1l wherein the step of producing a
har moni ¢ conpri ses producing a second harnmonic of the CO2 | aser beam 3.
The nethod of claiml wherein the step of producing a harnonic conprises
producing a third harnmonic of the CO2 |aser beam 4. The nmethod of claiml,
further conriherigadaiipitenged ebecrnsompssst WERNNE SPiLhohihE Presint fVEReD 5. The
met hod of cl aim wherej n t he | aser beam harnoni c energy at the target
object is afi‘sql%gﬁili’er%’ﬁ)a‘l‘i’ith‘i@ ﬁ%?p38$eﬁfﬁgn%mt hod of claim 1, wherein the
CX2 | aser beam harnonic energy at the target object is at |east 75
mlli-Joules.



7. The nethod of claim1l1, wherein the CO2 | aser beam harnonic energy at the
target object is at least 100 mlli-Joules, 8. The nethod of claim1l,
wherein the CO2 | aser beam harnoni c frequency at the target object is at

| east 100 Hz. 9. The method of claim1l, wherein the CO2 | aser beam harnonic
frequency at the target object is at |east 200 Hz. 10. The nethod of claim
1, wherein the CO2 | aser beam harnonic frequency at the target object is at
| east 400 Hz. 11. The nethod of cl ai GLAIM@herein the CO2 | aser beam

har moni ¢ wavel ength ranges from about 3 mcrons to about 4 mcrons. 12. The
met hod of clViahistlainkdés ein the CO2 | aser beam harnoni ¢ wavel ength is about
3.2 mcrons.

1. A method of ultrasonic testing a target object using a high energy generation laser

beam, the method comprising:

providing a CO2 laser beam;

producing a harmonic of the CO2 laser beam;

directing the CO2 laser beam harmonic to the target object;

thermo-elastically exciting a surface of the target object to produce ultrasonic

displacements on the target object; and
measuring the ultrasonic displacements.

2. The method of claim 1 wherein the step of producing a harmonic comprises

producing a second harmonic of the CO2 Iaser beam.

3. The method of claim ! wherein the step of producing a harmonic comprises

producing a third harmonic of the CO2 laser beam.

4, The method of claim 1, further comprising coupling the CO2 laser beam to an

optical fiber,

5. The method of claim 1, wherein the CO2 laser beafn harmonic energy at the target

object is at least 50 milli-Joules,

6. The method of claim 1, wherein the CO2 laser beam harmonic energy at the target

object is at least 75 milli-Joules.

7. The method of claim 1, wherein the CO2 laser beam harmonic energy at the target

object is at least 100 milli-Joules.
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13. An ultrasonic detection systemconprising: a CO2 | aser; a harnonic beam
generation systen a CO2 |aser beamemtted fromCO2 |aser and directed to
t he harnoni c beam generation system and a harnoni c beam of the CO2 | aser
beamemtted fromthe harnoni c beam generation systemand directed to a
target object. 14. The ultrasonic detection systemof claim 13, wherein the
har moni ¢ beam t her noel astically expands a portion of the target object

t her eby produdi ng Hedisthed ehefits! yhereip éheChi2deser bepp hargonictiiggucget 8¢ on syst em
further conprising a detection beamdirected at the displacenents, wherein
the detection beanfige BRedeati@Hl4ted and refl ected by the displ acenents.
15. The ultrasonic detection systemof claim 13 wherein the harnonic

gener ati on sy$t em Temuthod @Sclaimslewberein erd@2riaser igem dpatooic.frequency at the

target object is at least 200 Hz.

10.  The method of claim 1, wherein the CO2 laser beam harmonic frequency at the

target object is at least 400 Hz.

11.  The method of claim 1, wherein the CO2 laser beam harmonic wavelength ranges

from about 3 microns to about 4 microns.

12. The method of claim 1, wherein the CO2 laser beam harmonic wavelength is

about 3.2 microns.

13.  An ultrasonic detection system comprising:
a CO2 laser;
a harmonic beam generation system;

a CO2 laser beam emitted from CO2 laser and directed to the harmonic beam

generation system; and

a harmonic beam of the CO2 laser beam emitted from the harmonic beam

generation system and directed to a target object.

14.  The ultrasonic detection system of claim 13, wherein the harmonic beam thermo-
elastically expands a portion of the target object thereby producing displacements
on the target surface, the detection system further comprising a detection beam
directed at the displacements, wherein the detection beam is phase modulated and

reflected by the displacements.
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16. The ultrasonic detection systemof claim 13 wherein the harnonic
generation system conprises a third harnonic generator. 17. The ultrasonic
detection systemof claim 13 wherein the CO2 | aser beam energy emtted from
the CO2 |aser is at |east about 4.5 Joules. 18. The ultrasonic detection '
system of claim 13 wherein the CO2 | aser beamenergy emtted fromthe CO2
| aser is at |east about 1 Joule. 19. The ultrasonic detection system of
cl ai m 13 wher é5.n tThe uhasarsricctioasptenbelzinin A whyreia thethaunanigragedratios at | east

about 50 milli-Joules. 20. The ultrasonic detection systemof claim 13
wher ei n t he har norsygien earenris¢seicsasond bargrgnig geverort arget is at | east about 100
mlli-Joules. 21. The ultrasonic detection systemof claim13 wherein the

har moni ¢ | asene.bearmewBMsInenBietionSysten0f cada Ut wBertin Ciieiasndni gehoation4 ni cr ons.
22. The ultrasonic detection system of claim 13 wherein the harnonic | aser
beam wavel engt h | syadnuémBisé athied iesonic generator.

17.  The ultrasonic detection system of claim 13 wherein the CO2 laser beam energy

emitted from the CO?2 laser is at least about 4.5 Joules.

18.  The ultrasonic detection system of claim 13 wherein the CO2 laser beam energy

emitted from the CO2 laser is at least about 1 Joule.

19.  The ultrasonic detection system of claim 13 wherein the harmonic laser beam

energy at the target is at least about 50 milli-Joules.

20.  The ultrasonic detection system of claim 13 wherein the harmonic laser beam

energy at the target is at least about 100 milli-Joules.

21.  The ultrasonic detection system of claim 13 wherein the harmonic laser beam

wavelength is from about 3 microns to about 4 microns.

22.  The ultrasonic detection system of claim 13 wherein the harmonic laser beam

wavelength is about 3.2 microns.
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