ATTORNEYDOCKET NO.: TA-00664PCT | MPROVED M D- I R LASER
FOR GENERATI ON OF ULTRASOUND BACKGROUND 1. Field of

WO pasensi4oh [ 0001] The invention rel ates gener aPCHUSIH09/043919
the field of non-destructive testing. Mre
specifically, the present invention relates to a
systemto create a md-range infrared generation | aser
beam 2. Description of Prior A&?T(PBW%]D%@HNO‘ TA-00664PCT
devel opnents in creating conposite materials have
ex%\QHBébVEHéW&EéRo?A%RgEQR{@EH&MTmM GR UL ERASGUND

variety of applications. Because of its high strength

and durability conmbi nedBAGKGROIENDow wei ght ,
1 0 't‘gzs ar e replacing netals and netal alloys as
) iﬁfgﬁ-@g@%ri al for certain |oad bearing conponents.

.. For _exanpl e, conposites ar ow conyonl y, used as_a )
[0001] e dFyeation alss avleﬁ%%fwg the fieldof cnopusleaimiotive divting e Magg specifically,
as autonobil es, watercraft, and aircraft. However, to
the pregems invenitarsbedstte aspgemnd crehtei amishrangy infiared generation laser beam.

i nspections are required. The inspections are
i cal. Y upon fabrication of a conponent
2. %:ﬁ lJ"y‘)fﬁ%q'A‘;‘gli te and periodically during the life
of the conponent. [0003] Laser ultrasound is one
[0002] &Reaenil devflopanentd Hodcmeitingh spepbiiteg nodigeals shavadexfanded the use of
conposite materials. The nethod invol ves produci ng

compositel FRAGRRAICintd B MdOREIAP F GHNBATINEE BbEH s &F 15 high strength and
radiating a portion of the conposite with a pul se

durabilgtf %tS{?@MeS il PEElow \ﬁeigﬁtt, @Sﬁah el 91%%?%5@&%&?19 Eﬁ@gfé@ag %léoys as the

e vibrating surface a scatte , reflected,

ha modul.at ed by .t he surfacevibrations to .produce
base mRERErORBEHiR ) 2 vt Sordie T P Sl RIS e iy commonty
phase ulated laser |light and directs it for _,
used agpp Sl %‘g}. bady ag's #nd étr}lgm{eylﬁi ehjalsp %lsﬁ' 3 AREOBijesy vatercraft, and
interferoneter coupled to the collection optics.
aircrafty dovengt.ito answn eenposity mesbardesipasgnity, Hret ipepections are required. The

ascertai ned front he phase nodul ated |ight processing,
inspectidng airen typicaily irequitedalpod dsbridationd ef ecbimponaft nmadadken 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
direé’ted at the vibrating surface and scattered, reflected, and phase modulated by the surface
vibrations to produce phase modulated light. Collection optics receives the phase modulat_gad
laser light and directs it for processing. Processing is typically pérformed by an interferometer

coupled to the collection optics. Information concerning the composite can be ascertained from



del am nations, porosity, foreign materials
(i nclusions), disbonds, and fiber information. [0004]
WO-2@@9/14@3rpvi des one prior art exanple of a | asRCT/EyRDEM3919
10 for producing a pul sed generation | aser beam The
| aser t Is canfigured.to produce,|ager .light
the php dradilite Y ArBerSh R die LB SBSNes ity Aripiiine gt cracks,
laser head 11 optically coupled to a md infrared
delamipafions RFOHE aEPreiEn mpfsiofs (nalreigns) eisbRa and fibsrripioation
holmumyttriumlithiumfluoride (Th: YLF) end punped

ay BahY; j , n) t :
100041 31 GEL HAEFHSE, gt e PEERC of Pl AR b Pgleing o puled

genera '(&e la%%rprger:aaﬁg d e}%;_]éts%ﬁstyl %&eggignc%ﬁ%g&% Z??\ﬁ?‘ydﬁrgg ggsgg Ili%g{s in the mid

) hrough the transm ssi bl e si de_ of di chroic m xer 24, .

infrared, fRPge TS SREPIISGAMMSratrard Rer hgad {1 STcaYeequRlac ard mid infrared
| aser output 20 is directed towards the reflective i

emissigs} eadoP0+ hEhedimithrIBi loseri haadel Danchudesi & hplafipmcytd@um lithium fluoride
towards the em ssion head 30. Optional input and

(Th: YId()t qudt proopsdl ey 8 pfatlof d&bje anmppibiyilded e ¢diput 19 of diode pump 18
respective input and output of the thuliumlaser 20.

pumps lofe el Sf tid Phh: YAIF 1aSFt20d tH¥Rher dnbl@fRATRsEH ﬂﬂi@spuﬂ%@d ¥ ump diode
punp the thuliumlaser 20 at a wavel ength of 79

. PRSPyt s AT B el o o
mixer féggrg ﬁlg)ithggg{\lféf fﬁ%&fi}ﬁ% %rﬁn%rﬁé)g r%\l}ne? fﬁ]ug\%}rl :]zgstaﬁ éﬁgv’c\( Z%Gx)s directed towards

onverter 38. The frequency caonverter 38 is depicted,

the reffgtige silet @fctilr: Behraiveniiige g8 dnd| igtigHe %%@Waf% #egriggien head 30.
| aser 34 receives the reflected | aser output 26 at a

Optionabinphenet putpht equpless (Ha28) greiprovided on dhvs respertivpiinptiang output of
correspondi ng out put beam 36 at a wavel ength of about

the thufinf¥blasdr@00 ris. thikheioDRD enthodants, thh @uoipt giodest@am 8Guig the thulium
signal beam and an i nput beam where the signal beam

laser J1R%t & WAVESNAL &f 94 ab@bineRrs N MA@ buldie BedheN2 operates at
beam has a wavel ength of about 5.7 mcrons.[0006] The

approxhxﬁét@fg ﬁg@%@%ﬂﬁp emts fromabout five to about ten
watts o

to 4 micron light, but requires about 1
kilowatt in power of punp diodes. Accordingly, the md
[0005] | Thel emissionczedd130 hags a holmium yttrium aluminum garnet (Ho:YAG) laser 34

operatively coupled with a frequency converter 38. The frequency converter 38 is depicted as an
optical parametric oscillator (OPO). The Ho:YAG laser 34 receives the reflected laser output 26
at a wavelength of approximately 1.94 microns and emits its corresponding output beam 36 at a
wavelength of about 2.05 microns. The OPO converts the output beam 36 to a signal beam and
an input beam, where the signal beam has a wavelength of about 3.2 microns and the idler beam

has a wavelength of about 5.7 microns.



equi pped with an associated cooling circuit 14 and
power supply 12 that requires a substantial capacity

wWae 03appdrt | aser system 10 operation. The i nCPEEES209/043919
power in cooling capacity for the system 10 results in

| arge volu and | a ss | aser head.
[0006] iaaﬁ%a%baatm T maits Ao ahsteivecid DGHpie ERiE L 1o hpicron light, but
common readily available itens. Typically the Ho:YAG
requirep abeyt lokilgatt ins peweratfoprrmp dpdesri dceprdinghiertee mid [B laser head 11 is
converted within the OPOto a md IR | aser output of
equippabotith ad. Asodigted osolind ccsivti t4cdidngpvee\supply( I2othat tequirys & Substantial
typically included within the em ssion head 30.

capa01t§9“t§ \Whb o 1ASer Ry Q¥ InCEEB okt fdnn OT KePink RBseAUS dWbr ih @§ﬁ[ngb&@5&1ty for the
O for creating the thernoel astic di spl acenents on

syste:mt 131} Q%ultg Liﬁ;?ggrgfe h@cﬁurh@ ehdf 21 %Hsaﬁ%ﬂ" ﬁ?_akc)l dlltg)gglrly, the 794

d sp ne e target surface

nanomel s (85 i Bt Rt Teel By Bl e ot say @ﬁe‘mYAG faser
illustrat ed havi ng, both an i t and out put coupl e

output {5314 abat)2.03 BiGPPs SHARKRY carvqr%vmﬂvme[ @5@9}) amllélclﬁo@@a output of
herein is a md infrared range | aser system for

about 3,2 nrierooi & Qestiichipgcismise i(sc'ptrsgown}/tsﬂyplmhbahmmdnd iwithin the emission
garnet (YAG |aser having an output beam a punp di ode

head 30peairitcking provides gulkingttbeth AGipuadaser bedm et fof akeating the thermo-
frequency converter operatively coupled to the YAG

elastic Hﬂ?&%eﬁé‘ﬁt@ bh PRAH: ahdaddaht e forfidt Lﬂﬁﬁsoﬁﬁa&b?lﬂb%{e%tst &€ the target
p

i cal frequency converter output beam wavel ength is

surface? d b tH% ’m\@' fé@é" ﬂdslﬂ)v\!na%f( ylﬁ %o‘r?lgiét? LétZT%e@s@qut and an output

Irec an U rasonl C

TN T T —

garnet (Yb: YAG |aser. The optical frequency converter
37). may be an optical parametric oscillator and the punp
di ode beam out put may have a wavel ength of about 808
[0007] AMAVEARYSOF fﬁ & frequency converter output
m crons. The m di nfrared range
| aser system nay al so i nclude an em ssion head coupl ed
[0008] tRRiselbgsddsrein s a frid duleared ranga Veser eysteyufpruultrasoain tegifngr eomprising a
the em ssion head includes an out put beam having a
yttriunvgusiremg pirnet(YAG) laser having an output beam, a pump diode operatively coupled

to the YAG laser, an optical frequency converter operatively coupled to the YAG laser output
beam and having an output beam, where the optical frequency converter output beam wavelength
is about 2 microns, and a laser system output beam directed at an ultrasonic testing target. The
YAG laser may be a neodymium yttrium aluminum garnet (Nb:YAG) laser or a ytterbium-doped
yttrium aluminum garnet (Yb:YAG) laser. The optical frequency converter may be an optical
parametric oscillator and the pump diode beam output may have a wavelength of about 808

nanometers. The optical frequency converter output beam can be about 1.94 microns. The mid



the md infrared spectral range, and where the

em ssion head out put beamforns the | aser system
W@uiopasodpeam The em ssion head out put beam waReEl/EszyD91043919

can be about 3.2 microns and nmay include a |aser

eV|c the | aser device coupled,t ceive.th
mfrarecg Tisex Pt Ay a.iwv@l.ufl% An smﬁwofwég FPuBlid foythe apsifel frequency
opt|cal frequency converter, the |aser device having
convertghownuiheamy wheter thel emissiondead instdes pr putant heearfiwinga wavelength in
converter. The | aser device of the em ssion head nmay
the michiafrared spécterl beayign) anch where theramisdidri beadfdutprt belem f@aserthe taser system
a holmumyttriumalum num garnet |aser. The second

output 884nh.C AthefdnBigdiom BYad ORPEY Bedin Hayel Ozt Ra®BE iabakht 3.2 microns and may
parametric oscillator. [0009] Al so disclosed herein is

include? ﬁgeqr_tcﬁmct: Othe Ll'é]lls(zf SR é@féﬂlt}{ $4 V,%fthé oﬁf&ﬂ ﬁ‘éege%%?nconverter output

conpr|S|ng, a aser punpe aser

th of ah er.s and
beam, %{l%l a5¢ (Pnc}1 Lﬁ?%ﬁtncyb%o qaser Wgwg? é%vdrtl% an PUtht c'er%ted to the
2 mcrons, and amd |Tnfrare rang msslon head
second RGP BiFIEH CPREERY o T doYeR SETICR A dhg) D EEBHO T be one of a
emt a generation output beamin the md infrared
holmivggeytésivam gﬂhuméh@ade Vaser asiarhalming ghevmtalwaing o gamet fasgin The second
is directed at the test object to create
optical firqueney ebasdriee ey hamgiopticdl peraawiricosdiliabsrm ul t rasoni c
di spl acenents. The generation out put beam wavel engt h

e abo 3. 2. n1cr aser head ca e, an -
00001 i AEARSRE herdinis GO Fomasin sl 06 gen pomprisn.
avi ng a wave| engt h of about 1 mcron and nay be o
laser h@fjpalﬁﬁ@ ofyith %}wv%emvmgww&ﬁr@mm owa%naapnaters and having a
ytterbi um doped yttrium al um num garnet |aser. The
laser hbak entphe bdamrehavingcd obyekngtbpef eldut Zamaerens,iand a mid infrared range
oscillator configured to receive the yttrium al um num
emissi@@héddt cdnfigtfed au trpetived grnagen hedriotitpait ®edid eihtl @ghib @ a@heration output
that forns the | aser head out put beam The md

beam ih ﬂ«feﬁﬁfdﬁﬁfrﬁ@ﬁ%v@l@hétﬁ' Qﬂ% eNGRcrelifde endfdn &ﬁﬂﬁt%mﬂ%’ Hitékted at the
| aser out put beam a wavel engt h of about 2.

test ob cf: O%ateﬁﬁ%rrﬁ)-elgﬁc %%s?ﬁ{ ?r{g%oﬁl' u?ﬂx'dl@!\s%hc dl(segna%ements The

recelve aser o
Convert bean1 wher ei n th verted .
generafioL Qi R mgy. by p q*fﬁ?h ‘Qé%?nsdg@} ?@SGE i}ﬁado“é’mal’e an ytirrum

hoIn1un1yttr|un1I|th|un1quor|de | aser or a hol m um

aluminy garpghlager ke vingap Qutpet beais bavinga wieleagth of ahout fagicipa and may
used to couple the punp head

be one of a neodymium yttrium aluminum garnet laser or a ytterbium-doped yttrium aluminum

garnet laser. The laser head may include an optical parametric oscillator configured to receive
the yttrium aluminum garnet laser output beam and emit a converted beam that forms the laser
head output beam. The mid infrared range emission head has a laser device having a laser output
beam with a wavelength of about 2.05 microns, and an optical parametric oscillator configured to

receive the laser output beam and emit a converted beam, wherein the converted beam forms the



and em ssion head. BRI EF DESCRI PTI ON OF DRAW NGS

[ 0010] Sone of the features and benefits of the
Wpe@sesu74 nventi on havi ng been stated, others RET/US2009/043919

becone appar ent as the descri ption proceeds when t aken

generatlmnﬂ gﬁ&nﬁ %? 7 serl qggcegzcaggﬁeaﬁgg gfr@t?\jvt\lng?gtiulgp r%J(leprlde laser or a
art ultrasonic |laser source. [0012] FIG 2 is a

holmiugryigriem iabmineny gotned lased Ampgcdl fibenmer bausediwoipuple the pump head
| aser source in accordance with the present

and emiksimlleadire. [0013] FIG 3 is a schematic
representation of a laser ultrasonic system [0014]

be described in connection

, s : ments, it wll be understood

that it 1s not |ntended to I|mt the invention to that

[0010] SsERUWITE Featifs AltEbemfits oFitle prictent nvieti@NBBANd Beed¥A6d, others will
all alternatives, nodifications, and equivalents, as

I
o R e e Of g ten 2 CoRE AT A AR, asgompanyine
drameE%C\Fz%r:h 'gl ON OF | NVENTI ON [ 0015] The present invention

wi°l'T "NOW be descri bed more fully hereinafter with

reference to the acconpanyi ng drawi ngs i n which
[0011] &G0t iswesihsmalic ieey dffavmivriastrulidasenisiassnsouftd.s | nventi on

may, however, be enbodied in many different forms and

[0012]3&% qﬁ%%{:@ﬁ%&é{%o\%}%\%’tﬂ)ﬁed Zr o m Wélru(itr%sgggzlellalselil‘sé&rn%gz %9 accordance
enbodi nents are provided so that this disclosure wll
with the @respefrdised@suetad conplete, and will fully convey the
scope of the invention to those skilled in the art.
[0013] LFI&% w&?&t%ﬁla{ﬂe%&es% ahbﬁ(&fa? € a‘solai&f gr%tgﬁom For
conveni ence I'nre err e accohpanyi ng

f| gures, directional terrrs are used for reference and
[0014] |Wh111stheam1wrtmnw§,ll bd-descekerthpl eqnng¢tiondwite che prefdrredegmigodiments, it

such as "upper", "lower", "above", "below', and the
will be: ikderaosd ke ﬁgisuﬁactnteﬁdéd {usitnitathe iavéreloattb ahad embodiment. On the
ocati on.

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.
DETAILED DESCRIPTION OF INVENTION

[0015] The present invention will now be described more fully hereinafter with reference to the
accompanying drawings in which embodiments of the invention are shown. This invention may,
however, be embodied in many different forms and should not be construed as limited to the
illustrated embodiments set forth herein; rather, these embodiments are provided so that this
disclosure will be thorough and complete, and will fully convey the scope of the invention to

those skilled in the art. Like numbers refer to like elements throughout. For the convenience in



[0016] It is to be understood that the invention is

not limted to the exact details of construction,
WQp®pAL4dh, exact materials, or enbodi ments sheumUsRwd9/ 043919

descri bed, as nodifications and equivalents will be

referrin%ﬁtgatéggttgqc%q?ga?gg&gs }g“JLt%;é?igleﬁtg{n' tp@hfgé@ar tﬁ a&e# ggqt n égéfgygngeg gnd illustration
i Ilustrative enbodi nents of the invention and,

only. Eon ¢xsurghe.dpe ditpetiongbforms speh anpirpged ' loweey "abeveiséylawi'’, and the
a generic and descriptive sense only and not for the

like arephetinggoesed ob illustrate atrelationabdapatich.ngl y, the invention is
therefore to be limted only by the scope of the

nded ¢l ai ns, 017 ith reference nowto .FIG 2 .
00161 IR BE U Sirfiana Brlsnloh RS dFBEN Gl e 45 OF ggnstruction
laser system48. The md IR | aser system 48 conprises .
operatign,negact Rupiesials, s agmBedigisntsc shawn idprewribgd.aas modifications and
em ssion head 74 via an optical fiber 72. The md IR
equivalenisewillhecagprieerit e ouel ekilled yn thei artn & thei drawingsrandtspeoifiGtion, there
| aser. The YAG | aser nmay be one of a neodym umyttrium
have bednudik¢losaddifinstedtivé Naibsamentastthednventiph tapd palthivudb ppetific terms are
yttrium al um num garnet (Yb: YAG |aser. The YAG | aser

employ@d, 't&\s/erﬁg REREE Bhefc RUARISHPRE LERMAY dndomtaoitlRdBurpose of
punp 58 on one end; on its opposite end the YAG | aser

it SESRATRLE TR S SO AP AR AT, P of e

nixg; 66. The YAG | aser 62 output 64 is optionally
appendgd CRIMSq t o a reflective side of the dichroic nixer 66
to forma reflected output beam 68. The refl ected

[0017] OWifhlile feperam elly {OFTT 2tdR@ictP4 seiftimatit 8GR BE Yin GAboEIThéHt of a mid IR
input 68 that is directed to the optical frequency

laser sy<BARY 88 ¢ €he Afd TR rl]asgf]gys?eﬁpgg b&fﬁoﬂﬁs_lgﬁ tarh@idQth 1h&Rhedd SPYSEMy coupled

converter /0 conprises an OP e YAG |l aser 62 1s

shown wi t n.optional 4n upl 1 and . .
to an RS Bb7 i B GRRRL A8 Y TRMBE 10 pnEAg YD inctudes a yowrtum

. between e . YAG | aser__ 62 and the optical frequency . )

aluminggy R 4 AD, 0558 ?filﬁleé&aSﬁr Sk 418 HONFPINRT qu U aluminum
the input of the optical frequency converter 70 and a
garnet @?ib%%%b trgeher auttisthivieoloped yitgum; gugliniye satheh (Y NAG) laser. The

output. [0018] The optical frequency converter 70
YAG lasec 62 wemdtpuenpéAGyl agmenp 6@led begmi 60 droth &dicds pamp 58 on one end; on its
opposite end the YAG laser 62 receives a pump outlet beam (not shown) from a pump diode 56
through the transmissive side of a dichroic mixer 66. The YAG laser 62 output 64 is optionally
directed to a reflective side of the dichroic mixer 66 to form a reflected output beam 68. The
reflected output beam 68 forms the optical frequency converter input 68 that is directed to the
optical frequency converter 70. In one embodiment, the optical frequency converter 70

comprises an OPO. The YAG laser 62 is shown with an optional input coupler 61 and an

optional output coupler 63 disposed in the path between the YAG laser 62 and the optical



converted beamthat forns the em ssion head input beam
72. As noted above an optical fiber may provide the

weondasm7pat h bet ween the optical frequency coPWEDSHNI/N043919
70 and the em ssion head 74. The em ssion head 74

conpri ses hol mum | aser .configured.to receive t .
frequeniey; QEVERPTAhd Ath IR 58 1765 1A PRIdR ipGiot the optica
the holmumlaser 76 is directed to a_second optical
frequerfcy squieaniey 7@ end a cowespgnding putpyeenyipler 6P s diaposed atihie autput.
converter 80 receives the |aser output beam 77 and

o151 3 e SRR ARG 20 TR g TRk oot i o
conver A B RIS R 320 e B, i s

the second optical frequency converter 80 may al so L.

may preyigp theseongit epih, betweemibe eptical fieguency goperfer |7§ #pf dhgegmission head
in a cavity formed between an i nput coupler 78 and an

74. Thegtpssiondwag 74 com@risi atidlmiuny Jasehéd ¢dnfigyreddndecsipyeitbagmission head
frequency converter 80 is shown residing in a cavity

input beghVi2e NAa Uk bear OTPpfre t8e homfidmalas@Utapistdirowe|tera second optical
83.. [0019] In one enbodinent of the md IR | aser

frequery SdoR S SU‘.( gg@ sé%o)ntdvr\jf‘pti\éﬁqrécﬁéﬁéy cSnRAHEP /Y BYeitdiGthe laser output

punp di odes ere the punp | aser wavel ength

beam 7ol RR SORIFed oo Ele FEE PElakl ehlPoonm 7. fhe holmium
R T A —

_output beam 64 to a converted beam having a wavel ength
alumingm gasatit(Hp: B4 Gxilasenn Optippallyn éheespsorrd aptigal fieguensy|conygrier 80 may
| aser 76 further converts the beam wavel ength to about
also cotpise ai €¥R§hs Thevtolniemdesso i@ ivplustratbd fir @ qanatyciprmed between an input
converter 80 enits a beamin the md infrared range of
coupleAP®Hid n ButpiiosBipled 780 SithilatlyTitles 108 Secohti ®plied fregueddy@dnverter 80 is
fromthe second optical frequency converter fornms the
shown Mstiihdid ASRfity Betvrith aREAWI BSupléds 1 Afaakh! dﬁ%pdt REupTER3..
Infrafed | aser output beam 82 is about 3.2 mcrons.
More specifically, inyet another enbodinment, the md
[0019] IR one smbodimept of heanddR laserpysiere ¢804 Hld 2 they¥ Akt lassriingumped by
a wavel ength of about 5.7 mcrons and a signal
the pump\dédden @id) 58§ whbreuthe Pupriner vvaselefftd 20 B0Onanonfetérhe The YAG laser
many advant ages of the systemof FIG 2 is the

62, in @A Bty efifts B BRpOH 18682 Deam 64 of about 1 micron. The optical frequency
converter 70 is configured to convert the approximately 1 micron output beam 64 to a converted
beam having a wavelength of about 1.94 microns. In one embodiment, the holmium laser 76
further converts the beam wavelength to about 2.05 microns and the second optical frequency
converter 80 emits a beam in the mid infrared range of about 3 microns to about 4 microns. The
beam emitted from the second optical frequency -converter‘ forms the mid IR laser output beam

82. Optionally, the mid infrared laser output beam 82 is about 3.2 microns. More specifically, in



operating in the absorption band usable for the YAG
| aser 62. Punp di odes havi ng an out put wavel engt h of
W@bwotn4B08 nanoneters are nore plentiful than PCRPES2009/043919
di odes whose output is about 794 nanoneters.
ditionally, the, r requirements of the md. R .
yet anqihresmbcb e dexsT By s Bo0T h@mGer 8dlep peam having a
over the md IR |aser head 11 of the thuliumlaser.
wavelepgibod @beigl Sy7 midrensansigesignad varelongth gf ebau dix mBgonsi ze
used for cooling the md IR |aser head 50 can be
I t o) ' 3 i S f: .
[0020] r%g% e q]%ﬁly é?ivtcxﬁ]tﬁgés Sthe r%gﬁ%ﬁnrlﬁ" ﬁ%@ﬁ?reﬁlﬁg% %{Iﬁ{mp diodes

uces the“power Tequire S required

.suppl 2 to the pu di.odes . 58), I _one. .

operaii3y . gt al JETHE FHGE WD 4 8E 526 2 i) tides hapine an outpu
punped wi th punp di odes thereby potentially enhancin ]

wavelepgil (i akavt &8rappwgiers ye mase plepbifud thangymn digdey Whoserqyéput is about
YAG | aser 62 may be powered by a single punp diode

794 nanorsttemd Aoiditidnallguthe pewer equipenaindsiefsthe ndd 1d daser head| 38 ig reduced by
[0021] FIG 3 provides a side perspective view of one

use of HEOYAIGTRIBEr 63 over|ths afid IR tlawes ead 1 Hef art thohus Msde MAGDordingly, the
The detection system 85 conprises a |aser ultrasonic

associdtd dooBifg bhatit SRYizOREddABAEdNink Med MAPTR R8eredd 50%chRHE Smaller due to
| aser system 48 as descri bed herein. The detection

e oL GERSEE L0 AEOD 85,8 LAFHEHEAS i fom e
pove SRR S2E7 B PR SES0, BRI LSS B e

86 contacts the inspection target 9 1 on, an_inspection

may besside pespabwitly pumgeliedes thesebynroigntialy epkangimngdhepeyergffigiency of the
expands the inspection surface 92 to produce

systemc okddigpuobip thg YIASHhsee 6Pemtysbeo@vwared hp aisigbeptumpdiode instead of the
surface 92. In one enbodi nent, the generati on beam 86

dual erdspunipdib8&cprbeided it 2.gured to produce the
di spl acenents 93 on the inspection surface 92. A

ection_beam 88 is also illustrated enanatjng from, .
[0021]313@. g&%‘iideélat §t m}ec{ahzﬁ viewpf ong epéogimoﬁ%kﬁgrﬁhrasomc detection
' around t hegeneration beam 86. Although emanati ng from
systemt $% Jhnwuletegtien system BSoerneprisas e 18%r ultmsonist wdt 8Dhaamepy optionally
generation beans (86, 88) are generated by different
includes thermgisinfitkwddasr systora 48edseddseribveddeasin 3 T heedetafivh ayath 8BS emits a
originate froma different unit as well as a different
generali®f Bédn® 86 dfsctbd tdaMPWlpedtiBe target 91, where the generation beam 86 comprises

the mid IR laser output beam 82 formed by the mid infrared laser system 48. The generation
beam 86 contacts the inspection target 91 on an inspection surface 92. The generation beam 86
thermo-elastically expands the inspection surface 92 to produce corresponding displacements 93
on the inspection surface 92. In one embodiment, the generation beam 86 is a pulsed laser
configured to produce the displacements 93 on the inspection surface 92. A detection beam 88 is

also illustrated emanating from the laser ultrasonic unit 87 and is shown coaxial around the



detecti on beam 88 conprises a detection beamthat is
scattered, reflected, and phase nodul ated upon cont act

wawrGl1sdes di spl acenents 93 to form phase nodul BEEUS2009/043919
light 90. The phase nodul ated |ight 90 fromthe

detecti m 88 is then.received cql l ection .

generatifh St 86 A0 eodutep Rt e Ferrithpaid Bt shde cetection
the inspection target 91. The generation _and detection,

and gensgatian hegms (86)88aye gfét@é@é%%énﬁgm sQuregse Howepet, the deteefion beam
obtain information regarding the entire surface 92. A

88 mayrptioaallysenigingt frohvadiffensd dnit es welnas a diffdrentiecati®s, A883 known, the
may be housed within the laser ultrasonic unit 87. A

detectid B@s 88 cofmpritesShdstentionhWeamohat 9 Istdtteged, Reflotrdhamd silase modulated
and optionally for processing the data recorded by the

upon cGRASAEH BB dRPIdcESentd0Y t&ksiR s ReaEIigh80. ®BEPhase modulated
ultrasonic unit 87. The coll'ection optics 89 are shown

. e f t I r [ il 87 j

ight F SR e i’ R ol BER o ekl oG #9and processed to

t hrough the arraogw A however the collecti.on opt,ics,

determizg FHERERBAGHYE FCGPSRACTRR Rt T 2Lt ST 98 G CeleRiion beams (86,
87. [0022] The present invention described herein,

88) may fhe segnaed across the targeid e obtaininfermajiop gegarding g et surface 92. A
and attain the ends and advantages nenti oned, as well

mechardgsm ofnhe sbowmhesegnto stear thenbeavisi (86, B8pmasebe | yoused within the laser
preferred enbodi nent of the invention has been given

ultraso#i@ untUE R0 Beprobdsseli Gt eBaie), foh ldﬂiﬁfcﬂliﬁ% eecmaeimnixd ahd bptionally for
the details of procedures for acconplishing the

procesﬁﬁﬂ}{e%g &lé&ldleé by Yﬁlﬂ?éﬁlhe@ﬁ& Qé/tnﬁ,r ma) Fsb¥e Hstagéc{ nGRE 1RBSultrasonic

readi |y suggest themselVes to those skilled in
fidsBhid Jd°87 and in-

. h I n .2 batended t e
anit 875 0 F b BBl 0B 42 HRDl Re SRR BEIRTE it
t ) f th d, i ms. CLAIMS What | )
commt@?cgpaégﬁﬁ)sawll_asez T %}qlﬁf \ugf églﬂpr}gggf t@yg}r%%a}/},ol%xo%vever the collection
ultrasonic testing conprising: an yttrium alum num
optics ay heinctudadpithpsavittim therlgseapnligsepetnib84m a punp di ode
operatively coupled to the YAG | aser;
[0022] 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 in the art, and are

intended to be encompassed within the spirit of the present invention disclosed herein and the

scope of the appended claims.



an optical frequency converter operatively coupled to
the YAG | aser output beam and havi ng an out put beam,

waobmwpditsie opti cal frequency converter output BEEIS$2009/043919

wavel ength is about 2 microns; a md infrared em ssion
head coupled to the optic requency converter output
beam and an out put beam he em ssi on head havi ng
a wavelength in the md infrared spectral range and

What igj¢laiseadds at a target for ultrasonic testing. 2. The

1.

md infrared | aser systemof claim1, wherein the YAG

| as g, QQARLES %eﬁsg)s%%{ffor %ﬁ%a%&ﬂi_@@esﬁﬁ%’@%&m ihd.St
f a néo

consisting o ymum yttrium af um num gar net

(No: YAG) |aser and a ytterbi um doped yttrium al um num

gar areytirurp alvndpum gemet (BAGT lnserhayingranrountad beamer

systemof claiml1l, wherein the optical frequency

con Iy ' ' ric oscillator.
BB R UBLLTESy Rudel LR RSIREL Tl T 0 et ei

the punp diode emts an optical beam whose wavel ength

i s abopticaBfi@queacyoomtvertar. ogsrativhly coupled md therBAGllase putput beam and
system of claim1l, wherein the optical frequency

CONNARiAELin GRAFRHeaRS, vtrOdkiopatal m@gamy lcofive? et blifpat Bam
havi ng an out put beam of about 1.94 mcrons.6. The md

i nfw&%ét@;‘s%gﬁyfﬁgéa}b . claim1, wherein the md

i nfrared "em ssi on out put beam wavel engt h ranges
fromabout 3 mcrons to about 4 mcrons.. 7. The md

i nf a sxié thfraagrbemission deadofoupleditorite, oplinariedquendyecomivetter output beam;
infrared em ssi on head out put beam wavel ength i s about

3.2and crons. 8. The md infrared | aser systemof claim

1, wherein the md infrared em ssion head conprises a

I [ he | [ I r [
ogf %%‘%ﬁﬁ%g@e{ﬁ@g theaglg{ssigr? ﬁ:zf:d ac\:/?n%pa \%gvetlé)ngﬂ?ﬁlechg remé Pr&rared
spectral range and directed at a target for ultrasonic testing.

The mid infrared laser system of claim 1, wherein the YAG laser comprises a laser
selected from the list consisting of a neodymium yttrium aluminum garnet (Nb:YAG)

laser and a ytterbium-doped yttrium aluminum garnet (Yb:YAG) laser.

The mid infrared laser system of claim 1, wherein the optical frequency converter

comprises an optical parametric oscillator.

The mid infrared laser system of claim 1, wherein the pump diode emits an optical

beam whose wavelength is about 808 nanometers.

The mid infrared laser system of claim 1, wherein the optical frequency converter
comprises an optical parametric oscillator having an output beam of about 1.94

microns.
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converter output beam and a second optical frequency
converter, the | aser device having an output directed

wao ovhe4gecond optical frequency converter. 9.PAHES902043919

10.

11.

12.

infrared | aser systemof claim8, wherein the | aser

devj.ce conprises a | aser_sel ected fromthe, Li st -
conbienicreddan PSR PG Sk Gr RSTEA A iRtHafeemission head
(Ho: YLF) laser and a hol miumyttrium al um num gar net

( Hoewabepmsegvelength rapges djoan phrut 3 meigrong &eabosy 4 IEAT0BS..
claim8, wherein the second optical frequency

o RSP A OELAEE, DR SRS i B B lem
conprising an addi ti.onal . di ode for punping the
YAggﬁgééF. f&ﬁ@%ngggf3@?¥ggﬂﬁﬁ?@§%onic aﬁarssig of a

test object conprising: a |aser head punped with a

| asEiie apimiafedi lagr ystay ef elaih , wherainabé mEdhinesioskik€os head
and having a | aser head output beam having a

WaVEeeRatla Blse R, the Bl 8R3ce @RPled tit&elvBihdbRftal frequency
head

em ssion head configured to receive the | aser

: . . ot .
o (Rt REUTRAR I, dnath AR BB QHERH, conFBRr e gy deviee
output beam.is directed at the t.est. object to create
Ot ipd diebERS B et Satiea i dpbih ot ion o

di spl acenents. 13. The system of claim 12, wherein the

geneRainiPhiatdlbder BRAdh WaYiale BOWhert tAORér &vite comprises a laser
m crons. 14. The systemof claim 12 wherein the |aser

he i : L I . : .

heo SR R A R BB By R B A YL e
mcron.. 15. The .system of cl ai.m,1 rein the YAG

ek ghfrmt 4B SRR s T YA B ot

consi sting of a neodym umyttrium al um num gar net

( NdThe¥mid Infisied lasedl spstath o€ tlalni 8} Whereih thié bdcondopticaifegiiency
garnet (Yb: YAG | aser.

converter comprises an optical parametric oscillator.

The mid infrared laser system of claim 1, further comprising an additional pump

diode for pumping the YAG laser.
A system for ultrasonic analysis of a test object comprising:

a laser head pumped with a laser beam having a wavelength of about 808 nanometers

and having a laser head output beam having a wavelength of about 2 microns; and

a mid infrared emission head configured to receive the laser head output beam and
emit a generation output beam in the mid infrared wavelength range, wherein the
generation output beam is directed at the test object to create thermo-elastic

expansion thereon and form ultrasonic displacements.

11



16. The system of claim 14 wherein the | aser head
further conprises an optical paranetric oscillator

weowbiigdred to recei ve the YAG out put beam andP@mii$2089/043919

13.

14.

15.

16.

17.

18.

19.

converted beamthat forns the | aser head output beam

17. _The system.of claim 12 wherein the md infrared .

r ang® AP G Rl T | @gn%{aﬁl%%wgw@ewwg%nﬁgﬁ ig about 3.2
| aser output beamw th a wavel ength of about 2.05

m dREYS. and an optical parametric oscillator
configured to receive the | aser output beamand enmt a

co . it . .

gony e AR 0 ot (PG NS L DR SR YR, 4 fifinum gamet
wherei R the .l aser devi is.selected fr e |ist.

CortSAG) T o O o O FoAns PR § PERFIERRLR oF Bt Thicron.

(Ho: YLF) laser and a hol mumyttrium al um num gar net

( HoThéApktehasfailaimlBl, whsfeis e\ eAGAbset bahprisks aflaset fddcted from the
conprising an optical fiber operatively coupling the

PUNRy; REAEAR bt § FeSH A RBAm aluminum garnet (Nd: YAG) laser and a

ytterbium-doped yttrium aluminum garnet (Yb:YAGQG) laser.

The system of claim 14 wherein the laser head further comprises an optical
parametric oscillator configured to receive the YAG output beam and emit a

converted beam that forms the laser head output beam.

The system of claim 12 wherein the mid infrared range emission head comprises a
laser device having a laser output beam with a wavelength of about 2.05 microns, and
an optical parametric oscillator configured to receive the laser output beam and emit a

converted beam, wherein the converted beam forms the generation output beam.

The system of claim 17, wherein the laser device is selected from the list consisting of
a holmium yttrium lithium fluoride (Ho: YLF) laser and a holmium yttrium aluminum

garnet (Ho:YAG) laser.

The system of claim 12 further comprising an optical fiber operatively coupling the

pump head and emission head.
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