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REFERENCE TO RELATED APPLI CATI ONS [0001] The present application clainms the
benefit of the filing date of U S. provisional patent application serial.
no. 12/121,559, filed on May 15, 2008, the disclosure of which is

i ncorporated herein by reference. 10BACKGROUND [0002] This disclosure
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BRIEF DESCRIPTION OF THE DRAWINGS

[0003] FIG. 1 is a schematic illustration of an exemplary embodiment of a laser

15 transmission system.

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

DETAILED DESCRIPTION

20 [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

25  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
ilustrated and described herein. It is to be fully recognized that the different

30 teachings of the embodiments discussed below may be employed separately or in

any suitable combination to produce desired results. The various characteristics



S5mentioned above, as well as other features and characteristics described
in nore detail below, will be readily apparent to those skilled in the art
upon reading the follow ng detail ed description of the enbodi nents, and by
referring to the acconpanying drawi ngs. [0006] Referring initially to Fig.
1, an exenplary enbodi ment of |aser transm ssion 10 system 100 i ncludes a
| aser beam source 102 having an output that is operably coupled to the
input of a lens assenbly 104. The output of the |lens assenbly 104 is
operably coupled to the input of a first holl ow core wavegui de 106. The
out put of 5t heefiiansd abwyel @W’V@‘bﬁ%Oﬂﬂﬁ"v@gttﬁeaé‘”‘iGBarP%terl?B‘i?p‘i’eéH' 8 A°€nd of an
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assenbl y 112ac<{06(b®W]ngldnavamSexerrpl ary enbodi nent, the | aser beam source 102
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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
30 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.

35 [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

2



[0009] Referring nowto Fig. 2, in an exenplary enbodi ment, the system 100
is incorporated into a laser ultrasound system 200 in which the hollow core
wavegui de 110 and | ens assenbly 112 are operably coupled to a notion
control system 202 for controllably noving the holl ow core wavegui de and

|l ens assenbly relative to a work 15 piece 204. A conventional optical
detection system 206 is al so provided proximate the work piece 204 that is
operably coupled to a systemcontroller 208. In an exenplary enbodi nment ,
the nmotion control system 202 may include, for exanp q? obotic arm
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aces o pi ece 4. 25 Optical energy reflected by the
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detection system 206 and processed, the s m,CO
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It is understood that vari-ations t d ti
fromthe scowtfe*fabtyﬁ'é“’lrﬁ\}‘@?\'t‘Q”BW CorlngEt"Fﬂéﬁ‘de aé‘ﬂéei”iszflss‘ﬁ“@iyer?'é’ﬁv@e% g( f ofp? Lel "
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been shown and t1ons can he Qne illed in the
art W thout exsywary ﬁgquvrmﬂt-tth%mgb?nrwtf%y%?m?8%81‘1‘)’Htj %‘T ?rl‘ﬁ’(@"‘??‘l\?entl on. The
enbodi ment s aposlasel i bed are exenplary only and are not [imting. Mny
variations and nodifications are possible and are within the

[0010] In an exemplary embodiment, during the operation of the laser ultrasound
20  system 200, the system 100 is operated by the system controller 208 to focus the
laser beam 102a onto the surface of the work piece 204. In an exemplary
embodiment, during the operation of the system 200, the motion control system 202
may be operated to position and orient the hollow core waveguide 110 and lens
assembly 112 relative to one or more exterior surfaces of the work piece 204.
25  Optical energy reflected by the exterior 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.

30 [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

35  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
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5scope of the invention. Accordingly, the scope of protection is not
limted to the enbodi nents described, but is only limted by the clains
that follow, the scope of which shall include all equivalents of the
subject matter of the clains. 5CLAIMS 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 holl ow core wavegui de
operably coupled to the first | ens assenbly; 10an end of an optical fiber
coupled to the first hollow core wavegui de; a second hol | ow core wavegui de
coupl ed t 6 t bepetchdre evehtiof. Aderdiog.i thalscaretrirprotagign & BldBNE? [RH€ assenbly
operably couplgshitd f&caR@OBE iheh MWiteos EthyaNmRgLhaeollckb the2scofhe syst em of
claim1, wherein the sourfe ofIIaSﬁ b an&nq&” ﬂhégﬁné source of | aser
beans havi ng"at &l HglUAS af FAURENF 8 b%s%éw 6’5 'm ¢rons. 3. The system
of claim1, wherein a refractive index of at |east one of the first 20 and
second hol | ow core wavegui des is about the sane as a refractive index of
the optical fiber. 4. The systemof claim1l, wherein a |l ength of at

| east one of the first and second hol |l ow core wavegui des range from about 5
to 100 tinmes a focal length of at |east 25one of the first and second | ens
assenbl i es.




5. The systemof claim1l, further conprising a notion control system
operably coupled to the second hol |l ow core wavegui de and the second | ens
assenbly for controllably displacing the second holl ow core wavegui de and
the second I ens 30 assenbly with respect to a workpiece. 6. A nethod of
transmtting a |aser beamfroma |aser beam source to a work piece,
conprising: focusing the |aser beamusing a first |lens assenbly; 35then
transmtting the | aser beaminto and through a first holl ow core wavegui de;
then transmtting the | aser beaminto and through an end of an optical
fiber; b5tshen transmitting the | aserC4®¥¥®n out of an another end of the

optlcal fiber; then tr mt L and t hrough a second holl
core maveQU|ae 2% gﬂﬁ B%W£P%m&$%eé g%?6%@§n1using a gecond | ens oow

assenbly. 10 7. Tmomeehfd@seobea@wau m 6, wherein the | aser beam source
conprises a sourQﬁ”QLmLa&@th©§Q§mhaxm@gkMﬂNQMQﬂgﬁh§aﬂmamhe range of 3 to 5

mcrons. 8.The me f‘rStﬂ"@Wd:oEee"&%ﬁ%J% quragl co Ied% ﬁWéﬁlIS{ }éﬁs ésQQrﬁB%Of at | east

one of the first 2@ core wavegul out the same
as a refractive iandes o dptieal fiGopupied fo the 'dfétrho”o‘/@corer‘ﬁ@’eﬂ@?%od of claim®,

wherein a |ength P&l Hoﬁ&@&or@%ve%tnd& Béupfek i the ath@r sreica itk dpate aer,cor e
wavegui des range from about 00 tines a focal length of at |east one

of the first and secd¥ |ens assenblies.
a second lens assembly operably coupled to the second hollow core

waveguide. y
15
2. The system of claim 1, wherein the source of laser beams comprises a source

of laser beams having wavelengths in _the range of 3 to 5 microns.

3. The system of claim 1, wherein a refractive index of at least one of the first
20 and second hollow core waveguides is about 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

25  one of the first and second iens assemblies.

5. The system of claim 1, further comp_rising 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

30 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;
35 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;



20 10. The method of claim®6, further conprising controllably displacing
the second hol |l ow core waveguide and the second | ens assembly w th respect
to a workpiece. 11. A laser ultrasound system conprising: 25a source of
| aser beans; a first |ens assenbly operably coupled to the source of |aser
beans; a first hollow core wavegui de operably coupled to the first |ens
assenbly; an end of an optical fiber coupled to the first hollow core
wavegui de; a second hol | ow core wavegui de coupled to the other end of the
optical fiber; 30a second | ens assenbly operably coupled to the second

hol | ow cobe wavetpen tiensmiltinadbs loper beate pylof ayanolss FYef WBPYicedbpt ed to t he

second hol | ow COkRn WaNR@EIRe BB idtd1ghd3REGINCh deediRl hakumedold aveguide; ont rol | ably
positioning the second, holl ow core wavegui de and the second | ens assenbly

with 35respect to a ﬁBQK pi ece; an optical detection system positioned
proxi mat e the wotten fricedm theolksetdran using? gasPndians aspvly refl ected of f of the
wor k piece; and 5a controller operably coupled to the source of |aser

beans, the notion control ste an he opti cal j. emfo
control I ilflg the JB%FEWP%W“%¥“%H@hg%%E@%”S?b ggﬁ?m%gﬁﬁggg%%gxﬁ%ﬁﬁon coLtro
system and tabe bephs aingdevaetdirsin by stneerpfaiid Sfieronsr ocessi ng the optica

energy reflected off of the work piece to determ ne one or nore

characteristics of the work 1qPi%ce, o ,
8. The method of claim 6, wherein a refractive index of at least one of the first

and second hollow core waveguides is about the same as a refractive index of the

15 optical fiber.

9. The method of claim 6, 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.

20 |
10. The method of claim 6, further comprising controliably displacing the second

hollow core waveguide and the second lens assembly with respect to a workpiece.

11.  Alaser ultrasound system, comprising:
25 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;
30 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
35 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



12. The system of claim 11, wherein the source of |aser beans conprises a
source of |aser beans having wavel engths in the range of 3 to 5 mcrons.
1513. The system of claim 11, wherein a refractive index of at |east one of
the first and second holl ow core wavegui des is about the sane as a
refraptive i ndex of the optical fiber. 14. The system of claim 11,
wherein a length of at |east one of the first and 20 second hol | ow core
wavegui des range fromabout 5 to 100 tines a focal length of at |east one
of the first and second | ens assenbl i 15. A netho%gof dete ni ng one

or nore charact e@icgetiaier apperagly geypled e @Eéourﬁ%?ﬁﬂ?ﬁeé?‘ﬁﬂ‘s ﬂ?ﬂ@}?ﬂ] a laser
beam focusing the | aggsmbeameuspticatdaedion msteire‘n:scoawlmmﬂteyopetahmf

transmtting the [as F‘{hﬁ DA Jr 0, l?eggls e gﬂﬁﬂ} &m{r rs%terhoén'dqmé Gaka Wavegui de;

then transmtting th aser beaminto an an end of an optlcal
fiber; 30then transmidetepling sy¥em|aad & PB’é&"rﬂ“@d‘Ee 'C%lﬁ”%{ﬁbqu%‘?tede?fﬁo of the
optical fiber; then twanshigidceNg détbenineasier ori dre caardctédsticughhawscond hol | ow
core vvave%w de and then focusing the | aser beam using a second |ens

assenbl y; PESRtrol 1 ably displacing the second hol | ow core

wavegui de and the second | ens 35assenbly with respect to the work piece;

i mpacting ongpor Tﬂ@%@st&ﬂrd‘f%fé&& 160f whérein Wey Kmmeecfelayalrtbl@amheommses abeam

noni tori
work pi egg rg{;}l geccgflla%[a]r boeams t%avnngav?ae\'\/glenget\l?s in ran% P8 hiclBRL.E Sur faces of the

15 13. The system of claim 11, wherein.a refractive index of at least one of the first
and second hollow core waveguides is about the same as a refractive index of the

optical fiber.

14.  The system of claim 11, wherein a length of at least one of the first and
20 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.

15. A method of determining one or more characteristics of a work piece,
comprising:
25 génerating 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;
30 then transmitting the Iasef beam out of an another end of the optical fiber;
then transmi&ing 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
35 assembly with respect to the work piece;
impacting one or more surfaces of the work piece with the laser beam;
monitoring reflection of the Iasef beam off of one or more surfaces of the work

piece; and




5processing the nonitored reflections to determ ne one or nore
characteristics of the work piece. 16. The nethod of claim 15, wherein the
| aser beam source conprises a source of |aser beans having wavel engths in
the range of 3 to 5 mcrons. 10 17. The nethod of claim 15, wherein a
refractive index of at |east one of the first and second holl ow core
wavegui des is about the sanme as a refractive index of the optical fiber.
1518. The net hod of claim 15, wherein a length of at | east one of the first
and second range fromabout 5 to 100 tines a focal |ength of,§t | east one
of the fifst andpwessing tegpriitered Efipfiopsto dl§TMRRONF AVE FaEPERS 15, furt her
conpri sing control | alye dokipisrel Ng the second 20 hol | ow core wavegui de and
the second |l ens assenbly with respect to a workpl ece.

16. The method of claim 15, wherein the laser beam source comprises a source

of laser beams having wavelengths in the range of 3 to 5 microns.

10
17. The method of claim 15, wherein a refractive index of at least one of the first

and second hollow core waveguides is about the same as a refractive index of the

optical fiber.

15 18. The method of claim 15, wherein a length of at least one of the first and
second range from about 5 to 100 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
20 hollow core waveguide and the second lens assembly with respect to a waorkpiece.



