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HOLLOW CORE WAVEGUI DE FOR LASER GENERATI ON OF
ULTRASONI C WAVES CROSS REFERENCE TO RELATED
WERRRI@ATd ONS [ 0001] The present application cPei/ms20091@43997
benefit of the filing date of U S. provisional patent
applic
2008, t eﬂark?‘?g Q?Er@&ofé%lb%Féﬁg‘T%%%‘ﬁggErgtged Kerel n
by reference. BACKGEOUNDRASTINIC WAWVES]i scl osur e
relates to transm ssion systens for transmtting | aser
beans. BR k6 sBHSSH kI
IS a scheme ' | ' T EXEN] "nodinent
of a |aser transm ssion system [ 0004 FIG % i's
i

[000dhenat i e pPrasent applisatieon claimsxibaeneiit ehifdi mtdatﬁ o U.S.
S S a f e
Proy RIS T BT el SIT PR st GRS 252008, the
discieSaRI ¢FPYHiph [somg)oratedth%elarbamfﬁwcand descri ption
that follows, like parts are marked throughout the
speci fication and drawgpgskaRdbUNDe sane reference
nunmeral s, respectivel y. The draw ngs are not
necessanly to scale. Certain features of th
[0002] enthip ndigelgsuse RGP fox HgpePistien pysleBal fé’rotfaﬂﬁm't“"g laser
bes@@ewhat schematic formand sone details of
conventional elenents nmay not be shown in the interest

cuscept | bl o BRIEEHESERETToN O rREBRRWINGE ' " ' °

suscepti bl e ' &?T ' .

Specific enbodi nments are described in detail and are
[0GUWIFIG) 1 Rea dcheinals illugirationt diean edemplaandibodinfeatt df kelaser
traE esent disclosure is to be considered an

SBIFIoNFYSeM- on

[0004] FIG. 2 is a schematic illustration of an exemplary embodiment of a laser
ultrasound detection system that incorporates the laser transmission system of Fig.
1.

DETAILED DESCRIPTION

[0005] In the drawings and description that follows, like parts are marked
throughout the specification and drawings with the same reference numerals,
respectively. The drawings are not necessarily to scale. Certain features of the
invention may be shown exaggerated in scale or in somewhat schematic form and
some details of conventional elements may not be shown in the interest of clarity and
conciseness. The present invention is susceptible to embodiments of different forms.
Specific embodiments are described in detail and are shown in the drawings, with
the understanding that the present disclosure is to be considered an exemplification
of the principles of the invention, and is not intended to limit the invention to that
illustrated and described herein. It is to be fully recognized that the different
teachings of the embodiments discussed below may be employed separately or in
any suitable combination to produce desired results. The various characteristics
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of the principles of the invention, and is not

intended to limt the invention to that illustrated
w@eederses i bed herein. It is to be fully recoghtmE82009/043997

that the different teachings of the enbodi nents

e e BY e BB S SRR ki more
detail rbetavs, wtﬂah)ememwsupp@sermtmtbm skitbed/ én thees avbelupdraseading the

ot her bl sgrib
B BT B b PSR e Sy LeReC o o
accdthpdrgthg drawvingisart upon reading the fol |l owi ng detail ed
description of the enbodinents and by referring to

[O@ETnggﬁﬁF&%gﬁftig@e%rﬁgr o d slaitz tm&{lﬁéﬂtgof' lé‘éetr tl%lng%lISSlon
sydterman$00 im’lmiessgsamm bb@\m lsnmicadme havieg en Gutputl Hatiis eperably
1Q2 [ t that I .
ot o it B b 0 °7AE Olnls PSR ASkebligy 10415
op a&b@ﬂ'dﬂi#)b:elﬂﬁé the w@pEOfaé)fn}s_t gmmw gﬂet#}avégeld'e ﬂ{@ﬁt chbibhc&ltput of the

t hol |l ow cor, egui e, out put .o e
firs ollow [1Qre SAveguide JB8 38 fpiged d8 anccti, Bh PR @PIEH JpeE 1ge. The
otl*:céfr be’?mi ?8gh§aipt|6albmierl1tlﬁi |sTbG?méd11€tb iapat Og a}qbﬁdﬂﬂt hellw core
i ber i o i nput of a seco
wayagage a8 1 b BB oM Lo 0 A%, 148,18 operably

cou\ﬁé@wm@ena&%fme%s@mbw ¢ripl ed to the input of a
l'ens assenbly 112. [0007] In an exenplary enbodi nent,

| aser beam sourc onventi onal ] ase
m%’@im 0o AP CBXIRIATY €M %Pé'lmeé‘)t’ai/ﬁﬁ Za 5%%r %%1Qgp'gﬁy be a
cofferfioREl’ RN BeXRVSdR6d tshsh st h‘d)rneiahﬁplm ddlkageroﬁeélhecapable of
infra red region such as, f or lrg% the.3 to

geReating \I,\J%\ﬁ-}é@ngthsi1 ngIré)yéem;plgp&@ gfﬂ; 'Hfé%tredt'i‘?g'qneﬁECh as, for
exéﬁ.ﬁ@hhltﬁé 3 1845 ﬂﬂfér&nl?angéﬁy nbearp@wmardnowbddaﬂént the lens

assenblies suitable for focusi naﬁa | aser  beam In _an
asgsrabiigisad 04 ane dd2nmay beragavemionaliecd pesafekliss sutiakle fordgeusing

a |§§é’r Gé'a% Jn Ree %H&B%emoihb%%w &ré\@é@egma&? 106 and

such exanpl e, netal, plastic and gl ass

11@on@y\mé@uva@®na holigw @Qéﬁrmaaegu'é%@aplﬁrm for ﬁéample metal
pla%'rtlénﬁaer Ia%fs vPQ;'oLé"%éir%b@ d@@veﬂy'aﬂeéxerﬁﬂgrﬁ%ﬂw%aﬁ)nent the

y greater
diameter of the hollow core waveguudes 106 and 110, are significantly greater than

the diameter of the optical fiber 108. In an exemplary embodiment, the diameter of
the hollow core waveguides, 106 and 110, are larger than the diameter of the beam
102a at the ends of the hollow core waveguides positioned in opposing relation to
the lens assemblies, 104 and 112, respectively, taking into account the length of the
hollow core waveguides and the numerical aperture and diameter of the optical fiber
108. In an exemplary embodiment, the lengths of the hollow core waveguides, 106
and 112, are significant relative to the focal lengths of the lens assemblies, 104 and
112, such that the diameter of the laser beam 102a is significantly larger at the ends
of the hollow core waveguides versus at the ends of the optical fiber 108.

[0008] In an exemplary embodiment, during the operation of the system 100, the
laser beam source 102 generates a laser beam 102a that is then focused by the lens
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the diameter of the optical fiber 108. In an exenplary
enbodi nent, the dianeter of the holl ow core

woemeguisees, 106 and 110, are | arger than the POUHIS1009/043997
of the beam 102a at the ends of the hollow core

aséa@gi’ eﬁbl geSTf?%gééds%geI%ﬁan&HO’?dZ%gth(aﬁ y;’?éé.tsggiiﬂlg ‘éi'\%f%&ll%ﬂlscore

I es respective
waeegLidentl 06 iwdlwﬁgshnmanmmrmh e erutk ef theiibgni1@8s Alrttie other

h t '
end 28 455 F58. & e J0EE, 8 0 Dol SBETE0Y okE P sBRee o anc
throlgh thel hallowcesre waveegidedet). A8Ghanaset hizanad@2a passes through
and oL AP a0 s ey (e S et 8 dinaply® bR gused
by tisiehs BssamdiP2a2i s si gn| ficantly larger at the ends of
the holl ow core wavegui des versus at the ends of the

fi.b 108. 00087 _ | .
o) | S Beraling heragi b i nian Sl B e B A sVERh 100 s
inc&ﬁpﬂrﬁeg J:ga a?lﬁﬁelf gitresoumd| system Bedin \ﬁ(ﬂi&? thdn abl(ljdws cbrlese\maveguide
ocyse sasse e
113 il Amee by b SRSl cARe M B e noESflem 202 for
oﬂtQﬁlaB’X 6Nh@ tise hdllow edrd idveguigh dnheetwdssﬁmﬂlh mléﬁ\/@etb a work
t the other end of the en

th
plesRAH- b SANETANBhPTCaL e RECBE 4T 206 45 AP HgRY prRmate
the Aok WictRr 20MMYARGUY1 dlferddif -cobpleting éaéﬁfenb%@mrél%?&% In an

passes through and out of the holl ow core waveguid
exgiplanae@podigtent.spe sarfion-rantrpLsystRin 208nae deifer i qxeﬁ@le a
rostieemil vy 112. [0009] Referring nowto Fig. 2, in an

exenpl ary enbodi nent, the system 100 is i ncorporat ed

into a | aser uItrasoundsstemZOOin 51? hol | o
[0Q4% e Mbgmm@amwaﬂ@me@ sdugggé%weffi@n &% ?5B'|"§‘S°U”d

syé%@h')pi(ﬁﬂ tF\é’ s?st@ﬁwt hom i epérafdid 15y Heesystdn Joﬂfroller 208 to focus the

contr ol 'y nmovi ng the hol |l ow core wavegui de and | ens

lasgt ea@m y1 0r2@| aptov éhe GuBagat hrewerkopiscen %anhﬁnoﬁmmP'ary
enfolinfétt, & Qi}e%fﬁh%?“ﬂ?@@yétém@@ot% P¥ticieEontrol s stgm 202

proxi mate t lece 204" that is operably cou
mayobe Qwsat@dnt@msrtl@nland ot@nt the hajowxeaip|wavegguide 110 and lens

assémﬁ’lg Wtrelaﬁvtbe tcm?)'hbo&' ﬁ'%'?é rterdY Huridted o Y WdIk! ple& 204.

obot i
Optical energy reﬂected by the extenor surfaces of the work piece 204 is then

detected by the optical detection system 206 and processed by the system controller
208 in a well known manner to inspect the workpiece 204. The design and operation
of using laser beam energy for laser ultrasound inspection of a work piece is

considered well known to persons having ordinary skill in the art.

[0011] Itis understood that variations may be made in the above without departing
from the scope of the invention. Further, spatial references are for the purpose of
illustration only and do not limit the specific orientation or location of the structure
described above. While specific embodiments have been shown and described,
modifications can be made by one skilled in the art without departing from the spirit
or teaching of this invention. The embodiments as described are exemplary only and

are not limiting. Many variations and modifications are possible and are within the

-3-



[0010] In an exenplary enbodi nent, during the
operation of the |aser ultrasound system 200, the

WG y®vams2O0 i s operated by the system control | BET/RSB0Y/@43997
focus the | aser beam 102a onto the surface of the work

SoBBCHE 1R N SETRAPL oS30 Bl B9t e b v

emBoainrenys Uesmmedabetjlst mlpdlmlteddwy thacclamsethat fdﬂewmhel atwpe of

il TR draieel FRSuBRBIRAIE e SRR, 200

Optical energy reflected by the exterior surfaces of
the work piece 204 is then detected by the optica
detection system 206 and processed by the system
controller 208 in a well known manner to inspect the
wor kpi ece 204. The desi gn and operation of using |aser
beam energy for |aser. ultrasound inspection of a work
piece is considered well known to persons having
ordinary skill in the art. [0011] It is understood
that variations may be nade in the above w t hout
departing fromthe scope of the invention. Further,
spatial references are for the purpose of illustration
only and do not Iimt the specific orientation or

| ocation of the structure described above. Wile

speci fic enbodi ments have been shown and descri bed,
nodi ficati ons can be made by one skilled in the art

wi t hout departing fromthe spirit or teaching of this
i nvention. The enbodi nents as descri bed are exenpl ary
only and are not limting. Many variations and

nodi fications are possible and are within thescope of
the invention. Accordingly, the scope of protection is
not limted to the enbodi nents described, but is only
limted by the clainms that follow, the scope of which
shall include all equivalents of the subject matter of
the clainms. CLAIMS 1. A systemfor transmtting |aser
beans, conprising: a source of |aser beans; a first

| ens assenbly operably coupled to the source of |aser
beans; a first hollow core wavegui de operably coupl ed
to the first | ens assenbly;
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core wavegui de; a second hol | ow core wavegui de coupl ed
wo eoovheoses her end of the optical fiber; and a BEDUS09/043997

| ens assenbly operabiy coupled to the second hol | ow

core waveguide. 2. The sy§tamef claim1l, wherein the

source of | aser beans conprises a source of | aser

1. b?%&"é%sgé%gﬂ Yﬁ{tﬁg%é?s? Tb;taamts,h@onﬁ .of 3to05

mcro e systemof claiml, erein a
r efa s@urce of lagelcbeants;at | east one of the first and

| . :
"o I 40e sRRLnO SPUREEPBRY S Raoe b REBRBRRS.
of afist hollbw edre veiviegaide @pgtablyodoupted todke fitsh lensfassersbly;

first e I I ' .

bt =8 BT AR e BUbEdiT NS oot e RRleg T,

t hea secaid lolldwsare méiveguide ass@eat to de. otber dik obthetapticalffiber;
claim1, further conprising a notion control system

oper abl Y¥"oupl ed to the second hol | ow core wavegui de

anda t foneclend hssembly sepdrhiyly f couptezhtto othealseyond hollow core
di spl acivg% t he second hol | ow core wavegui de and the
second I"#¥E94%€enbly with respect to a workpiece. 6. A
nmet hod of transmtting a | aser beamfroma | aser beam

source to a work piece, .conprising:. focusing the |aser
2. DealusySRm 2T SIS, WBREIR ELSRLFGR OfiAesh PERTIATRTIShY 2 source
of 686 BFRY hABTWaidIengnd irf e eaide 6 3§ i Sinidiehd. ow core
wavegui de; then transmtting the |aser beaminto and

through an end of an optical fiber;then transmtting

3.1 if‘ggbééfﬁehem’slé’im 10WvhaRirRBYERSEIVBNAdEH of BEleast bifcbf the firs

; en transmtting the laser into and through
and seoontl hollavwo apreowavegaidagus @bout the same as a refractive index of the

optical fiber.

4, The system of claim 1, wherein a length of at least one of the first and second
hollow core waveguides range from about 5 to 100 times a focal length of at least

one of the first and second lens assemblies.

5. The system of claim 1, further comprising a motion control system operably
coupled to the second hollow core waveguide and the second lens assembly for
controllably displacing the second hollow core waveguide and the second lens
assembly with respect to a workpiece.

6. A method of transmitting a laser beam from a laser beam source to a work
piece, comprising:
focusing the laser beam using a first lens assembly;
then transmitting the laser beam into and through a first hollow core
waveguide;
then transmitting the laser beam into and through an end of an optical fiber;
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and then focusing the | aser beamusing a second | ens
assenbly. 7. The nethod of claim®6, wherein the |aser

whewailgses ce conpri ses a source of | aser beansPCEHUBI909/043997
wavel engths in the range of 3 to 5 mcrons. 8. The

| e ag?ﬁj g%ﬂsrﬁk q;%g Haé@?@%ﬂﬁ&yﬁ of & gﬁﬁﬁwﬁ’ &nd Bldtﬁé opficattiber;

iTs secon OwW cor

waviagn trdasmittingathe Udser irdo sadthragghaa rsecmrabinqukow ¢anel avefuide;
t he OptIC%| fiber. 9. The method of claim®6, wherein a

| engt h &Y%t | east one of the first and second hol | ow

Corthemdontgimgdie lasanpearh usingabsadont lérs ds838mbiyres a
focal length of at |east one of the first and second
| ens assenblies. 10. The nethod of claim®6, further

7. COMpid mienq:mrmml é, amw\erenditﬁ@lae'r bearh seusecsntprizet lacswurce of
core wavegui de %’ cond Iﬁgg}gssen‘ol y wth

lasppReRME ha ”%% EBQ 1rang§ P M'¢'PY%ound system
conprising: a source of | aser beans; a first lens
assenbly operably coupled to {he source

|
8. beahide niethqd gk clA Pol SEﬁ"éavVSff@@tlYPdEd%eg %tblﬁggts‘sﬂfp%@e first
and %e&@ﬁdﬁblf(ﬁ cér%ﬂﬁa%%ﬁ!&' i¥ 'abdit BekaAie 889 a0RtraERle hHBLOf the

cou to the first hollow core wavegui de; a second
optigsll fibeY- cor e wavegui de coupled to the other end of the

optical fiber; a second | ens assenbly operably coupl ed

to the second hol |l ow core wavegui de; a notion control

9. sysThennwthediof y ctabn g, ehersin Adergib grfdathlepsioone &f dhe first and
se(‘f@\\éel%floﬁ)e%qqg q"ﬁg’gg‘{iagg tfﬁd}ﬁ SQ@%‘%*’?‘{ ﬁ’rﬁes a focal length of at

contr ol onin
leastueg) of the fisstcintsecemt iend assembliessenbl y wi t h respect to

a work piece;
10. The method of claim 6, further comprising controllably displacing the second
hollow core waveguide and the second lens assembly with respect to a workpiece.

11. A laser ultrasound system, comprising:

a source of laser beams;

a first lens assembly operably coupled to the source of laser beams;

a first hollow core waveguide operably coupled to the first lens assembly;

an end of an optical fiber coupled to the first hollow core waveguide;

a second hollow core waveguide coupled to the other end of the optical fiber;

a second lens assembly operably coupled to the second hollow core
waveguide; |

a motion control system operably coupled to the second hollow core
waveguide and the second lens assembly for controllably positioning
the second hollow core waveguide and the second lens assembly with
respect to a work piece;

an optical detection system positioned proximate the work piece for detecting
optical energy reflected off of the work piece; and
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an optical detection system positioned proximate the

wor k piece for detecting optical energy reflected off
W@Roovhesaor k pi ece; anda control |l er operably cRUpPUSW0Y®3997

the source of |aser beans, the notion control system

and, %{Jﬁ%&ni@g ;;Bgﬂﬁbﬂ,eéo%gédqa tﬁ%’%lﬁ%fc? rasepﬂé%rﬁé 'th@ sanddaﬁ control

opera e "sou aser beans
cont rol systeremndahel optical dpteictien systera doi aomirollisg éhﬁ @m*atlon of

for pr OGhe %' Ur% ec?qaé)é?tﬂe%ﬂ%s T hidioh %Bhﬁ&téégte%f?rﬁf thterkfptlcal

wor k pi ecé erm ne oné or nore chara
t he wor qumecmoe sy&m @he farywbeensig theaipticallgnengieradiented off of

L soure G55 ST RSIR 32 gl SMSRySled 8P won

m crons.pidé. The syst emof claim1l, wherein a
refractive index of at |east one of the first and
second hol | ow core wavegui des is about the sane as a
12r ef TR tsyvteni olekiaf 11,heherin ¢w sémrberof lader Béwms \ohtises a

of cl |m11 erein a | engt f at ne of the
soPiep S R e el DBl S T eeBon 8t lod fioPhem
about 5 to 100 times a focal Iength of at Ieast one of
he first and second | ens, assenbl.i

es. A net hod of
13det Ehesystan ordaiBy 1 hovkereinA éﬁffa@F'Y%tﬂd% o&at leashpRe of the first

anH's%GSnd REINRY coid \WavalRiisak i dhdubttedshe EQ@T&eﬂfa@ﬁ\kéSinGGx of the
| aser beamusing a first lens assenbly; th

OPtKPQiﬁbﬁﬁttl ng the | aser beaminto and through a f| r st
hol | ow core wavegui de; then transmtting the |aser
beaminto and through an end of an optical fiber; then

14t r afbeisysieny of helainaddr whessin gutensth ahahirsshene eridheffirst and

se{:&gi R‘ﬁr ou@ch'efvx'/é?/‘é Uld%g' ‘ﬁé]]qter 5H Bobld 5% ﬁ&?gtl;% &f fok&lingth of at

a se OwW core wavegul
least one of the flrst and second lens assemblies.

15. A method of determining one or more characteristics of a work piece,
comprising:
generating a laser beam;
focusing the laser beam using a first lens assembly;
then transmitting the laser beam into and through a first hollow core
waveguide;
then transmitting the laser beam into and through an end of an optical fiber,
then transmitting the laser beam out of an another end of the optical fiber;
then transmitting the laser into and through a second hollow core waveguide;
and
then focusing the laser beam using a second lens assembly;
controllably displacing the second hollow core waveguide and the second lens
assembly with respect to the work piece;
impacting one or more surfaces of the work piece with the laser beam;
monitoring reflection of the laser beam off of one or more surfaces of the work

piece; and
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and then focusing the | aser beamusing a second | ens
assenbly; controllably displacing the second hol | ow

w@e or0e/1¥Eeegui de and the second | ens assenbly wWaT1US2009/043997
respect to the work piece; inpacting one or nore
sSur . . T
rorPEEssift gtk RiSBERrk b BelcRir A or B characterstos
nor e surdfélveworfpie¢ee wor k pi ece; andprocessing the
nonitored reflections to determ ne one or nore
characteristics of the work piece. 16. The nethod of

16cl aThe tristhotheflr eaim tt Bewhersar thedasersmant eowoemgoitgpeseaa source

ource of, |l aser bea havj. n v in the range

of BRSE Sty RS eiBns B Bt & SR Merbis s nar o n

a refractive index of at |east one of the first and

secand hol | ore vegquij des . s,.about the,sa as .
175 of FHe Aot HARG1 5 HESHEIn F Zeftacrie didex g Bt S2ST B e first
an@fsecbi Avlidw cofeengidyuiddsas abbubtheadameasta efrachle bex of the

first and second range fromabout 5 to 100 tinmes a
opficR Pl engt h of at |east one of the first and second

| ens assenblies. 19. The nethod of claim15, further
rising controllably displacing the second hal | ow

co [ | ow
18cor ShoGHRIGRN @6 SRIM (ife Whesdhch festh S5t ags) ofptat the frst and
seb&GRPRAGe FdnPa¥Blt oe®®: times a focal length of at least one of the first and

second lens assemblies.

19.  The method of claim 15, further comprising controllably displacing the second
hollow core waveguide and the second lens assembly with respect to a workpiece.



