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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
ultrasound 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
illustrated 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



il lustrated and described herein. It is to be fully recognized that the
different teachings of the enbodi nents di scussed bel ow may be enpl oyed
separ at elwoanowroaay suitabl e conbination to produce degcras0esuiwns. The
vari ous characteristicsnenti oned above, as well as other features and
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focusing a | aser beam |n an exenp odi nent, the bl ocks, 106 and 110,
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having a refractive index simlar to that of the optical fiber 108 and

havi ng mrgom R ré&emplafrpremmumameltﬁegtab@r g@@mr sbgde b0 Ieay @sen beam
source 10 I'n an exenpl ary enbodi he en of the bl ocks, 106 and
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example, in the 3 to 5 micron range In an exemplary embodiment, the lens
20 assemblies, 104 and 112, may be conventional lens assemblies suitable for focusing
a laser beam. In an exemplary embodiment, the blocks, 106 and 110, may be
conventional optically transmissive blocks composed of a material having a refractive
index similar to that of the optical fiber 108 and having minimal absorption for the
wavelengths generated by the laser beam source 102. In an exemplary
25 embodiment, the ends of the blocks, 106 and 110, may be coupled to the
corresponding ends of the optical fiber 108 by conventional methods such as, for
example, bonding, casing, fusing, or any other techniques capable of providing
minimal optical interference. In an exemplary embodiment, the diameter of the
blocks, 106 and 110, are significantly greater than the diameter of the optical fiber
30 108. In an exemplary embodiment, the diameter of the blocks, 106 and 110, are
larger than the diameter of the beam 102a at the ends of the blocks positioned in
opposing relation to the lens assemblies, 104 and 112, respectively, taking into
account the length of the blocks and the numerical aperture and diameter of the
optical fiber 108. In an exemplary embodiment, the lengths of the blocks, 106 and
35 112, are significant relative to the focal lengths of the lens assemblies, 104 and 112,



m nimal optical interference. In an exenplary enbodi nent, the dianeter of
the bl ocks, 106 and 110, are significantly greater than the dianmeter of the
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operably coupled to a system control?er 208. ?n an exemplary embodiment, the

20  motion control system 202 may include, for example, a robotic arm.

[0010] In an exemplary embodiment, during the operation of the laser ultrasound
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

25 may be operated to position and orient the block 110 and lens assembly 112 relative
to one or more exterior surfaces of the work piece 204. Optical energy reflected by
the exterior surfaces of the work piece 204 is then detected by the opticé! detection
system 206 and processed by the system controller 208 in a well known manner to .
inspeét the workpiece 204. The design and operation of using laser beam energy for

30 laser ultrasound inspection of a work piece is considered well known to persons
having ordinary skill in the art.

[0011] In an exemplary embodiment, the diameters and lengths of the blocks, 106

and 110, are selected such that the diameter of the beam 102a at the open ends of

the blocks that are positioned in opposing relation to the lens assemblies, 104 and
35 112, is about 5 to 100 times greater than the diameter of the optical fiber 108.
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subject matter of the clains. 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 optically transm ssive bl ock operably coupled to the first |ens
assenbly; an end of an optical fiber coupled to the first optically

t ransm sswoeodlaeie3 a second optically transm ssive bl oekTase@oednd t he
other end of the optical fiber; and a second | ens assenbly operably coupl ed
to thg second optically transnissiveLRhﬁgk. 2. The systemof claim1,
wherein the source of |aser beans conprrses a source of |aser beans having

wavel engtihs i ; I FORS ~dhe system of claiml,
wher ei n taq'ref ?a%glé\?{ea?%gg%g&&;tgs e%gs?t énemgﬁ&? e first and second
optical ly traasouwesiofdader bekwsi s about the sane as a refractive index of

the opti cal f!al?fét'lerf}' as-ggﬁ\bgy%eﬁgﬂggh)gﬂl?é mﬂwe.s‘ﬁt]?iee&fg?ér‘glemt er of at |east

one of the first and secon ansni ssi ve ocks rahge from about
5 to 100 ti nea figsteatieallytttesmissiliechietkeopesably keupled iathe firsthens assenbhe syst em

of claiml1, further c 1Sl t] .coupled to
t he s@cond op?ngﬁIOf/aﬁggh%ﬂiﬂggri %&%ﬁqd&@ﬁh&%ﬂ%& Fﬁéecasg%ﬁ%}nlggﬁé%?fgénbl y for
control | ably distebad iopticdllyeraamnissiveoplibcic ablipled tatrenother erd lof tukoplivdl t he
second | ens assenbly with respect to a workpiece. 6. A nethod of
transmtting a | as € froma | aser beam source to a work piece,

conpri sing: f acksbnglehbassaably dperblyusiupiedatofthe sécdrensptizalbetrmsmissiven
transmtting the | aser beaminto and through a first optically transm ssive
bl ock; then transn’i’aﬁf’?‘f-ng the | aser beaminto and through an end of an
opticgal fiber;then transmtting the | aser beam out of an another end of the

optical fiber; then transmtting the |aser ipto nd through a second
opticall y‘z.t r aﬂ'gﬁisggtp%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 optically transmissive blocks is about the same as a refractive index of

the optical fiber.

4. The system of claim 1, wherein a diameter of at least one of the first and
second optically transmissive blocks range from about 5 to 100 times greater than a
25 diameter of the optical fiber.

5. The system of claim 1, further comprising a motion control system operably

coupled to the second optically transmissive block and the second lens assembly for

controllably displacing the second optically transmissive block 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 optically transmissive
block;
then transmitting the laser beam into and through an end of an optical fiber;



bl ock; and then focusing the | aser beamusing a second | ens assenbly. 7.
The nmethod of claim®6, wherein the | aser beam source conprises a source of
| aser beaw® 2h@vidozz3wavel engths in the range of 3 to 5 mMPCTAI$200984399he

met hod of claim6, wherein a refractive index of at |east one of the first

and second opty L ] SSLM ' n%'ﬂ'?@f W wa-refractive
index%of t he E)Hp?t%ﬁ@ar?é"#nﬁ@@rﬁm Iaﬁér_lkgegm rrgﬂ%c?l ngd} C a}e&ﬁ%ﬁ?t rglaﬁﬁ%r’di anet er of
at | east one tfentthanshiitting trenldseraniorahddpraughld secondopticallyitragsmissies r ange
fromabout 5 to 10&0%}%@ greater than a dianmeter of the optical fiber. 10.
The net hod of cl ai ,, turther conprising controllably displacing the
second opt i cakien focasisgriredaser beborksiemd sebendslenoassdnarly. assenbly with
respect to a workpiece. 11. A laser ultrasound system conprising: a source
of |aser beans; a first |lens assenbly operably coupled to the source of

| aseripbeans; Fhein&thodpf claimh Bywherirsiedaserdeahnsdurcp evraplisescaeplired of 0 t he
first lens az}senblgé;,an end of an o%tical fib%r coupled to the first
optical | 36§err RamsdEving Wavsisnaths 18 e Ngs A Bda P it Sns i ssi ve bl ock coupl ed
to the other end of the optical fiber; a second | ens assenbly operably

coupled to the second optically transm ssive bl ock; noti on ntrol system
oper abl y &oupl|T8g methpd of sy i Wit eieA [esfrqcp\éﬁ]g}qegsqf@ZIqﬁsggRe{gighq ﬂ@tsegond

| ens assejfal sechRll opaBdIfyatdrdllissiROBlobksPRI dbbut i s8RORE DPRiftaed ddex of
transm ssive block and’the second | ens assenbly with
15 the optical fiber.

9. The method of claim 6, wherein a diameter of at least one of the first and
second optically transmissive blocks range from about 5 to 100 times greater than a
diameter of the optical fiber.

20
10. The method of claim 6, further comprising controllably displacing the second
optically transmissive block and the second lens assembly with respect to a

workpiece.

25 11.  Alaser ultrasound system, comprising:
a source of laser beams;
a first lens assembly operably coupled to the source of laser beams;
a first optically transmissive block operably coupled to the first lens assembly;
an end of an optical fiber coupled to the first optically transmissive block;
30 a second optically transmissive block coupled to the other end of the optical
fiber;
a second lens assembly operably coupled to the second optically transmissive
block;
a motion control system operably coupled to the second optically transmissive
35 block and the second lens assembly for controllably positioning the
second optically transmissive block and the second lens assembly with

respect to a work piece;



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

pi ece; amsioa0@ordvs2el | er operably coupl ed to the source eCThmsew/ol®ans, the
notion control system and the optical detection systemfor controlling the
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characteristics ofpjgcayork piece, conprising: generating a |aser beam
focusing the | aser beamusing a first |ens assenbly; then transmtting the
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13.  The system of claim 11, wherein a refractive index of at least one of the first
and second optically transmissive blocks is about the same as a refractive index of
the optical fiber.

20
14.  The system of claim 11, wherein a diameter of at least one of the first and
second optically transmissive blocks range from about 5 to 100 times greater than a

diameter of the optical fiber.

25 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 optically transmissive
30 block;
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 optically transmissive
block; and
35 then focusing the laser beam using a second lens assembly;
controllably displacing the second optically transmissive block and the second
lens assembly with respect to the work piece;
impacting one or more surfaces of the work piece with the laser beam;

-7-



bl ock; and then focusing the | aser beamusing a second | ens assenbly;
controll ably displacing the second optically transm ssive block and the
second | ewe 20&g@082By Wi th respect to the work piece; i nmpatiise@oom®obr nore
surfaces of the work piece with the |aser beamnonitoring reflection of the
| aser sbeam of b ffioRitPrePbctth & (R IdsBCEar bi'dl 8ndf Rk Slifacedi 1 RERSST NG
the nonitored reflections to determ ne one or nore characteristics of the
wor k piece. 16. Thelepgtamdd of clai m 15, wherein the | aser beam source
conprises a s . : i Haval; J .Qf 3 to 5
m crons. 17. %H(;,C%rgr%ﬁ ééﬁﬁ F‘%‘%@?@f&@%@r el nrﬁgﬁe?gée?ggub'\p\r/éeafaﬁéggﬁﬁl%cgat | east
one of the first aofdheawokhpieopti cally transm ssive bl ocks is about the sanme
as a refractive index of the optical fiber. 18. The nethod of claim 15,
wherein a diameter of at |east one of the first and second optically
t ransigi sslieve heokethodndelaim dif, aberdin the imséObBedm reparcgr @mmises lrasowaceli anet er
of the optical fiber. 19. Th thod of claim 15, further conprising
control | &%?%?GHPE?JP%‘PH'QQW?&G@@%%“@}ﬁﬁaea? Ptlgntt? gﬁyﬁﬁog§'i ve bl ock and the
second |l ens assenbly with respect to a workpi ece.

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

and second optically transmissive blocks is about the same as a refractive index of

15 the optical fiber.

18. The method of claim 15, wherein a diameter of at least one of the first and
second optically transmissive blocks range from about 5 to 100 times greater than a

diameter of the optical fiber.

20
19. The method of claim 15, further comprising controllably displacing the second
optically transmissive block and the second lens assembly with respect to a
workpiece.

25



