VI SI ON SYSTEM AND METHOD FOR MAPPI NG OF ULTRASONI C DATA | NTO CAD SPACE
BACKGROUND OF THE | NVENTI ON Technical Field of the Invention [0001] This
invention generally relates to the field of non-destructive techniques for
measur enent of conposite materials. Specifically, the invention relates to
a nmethod and system for correlating positional data with ultrasoni c data.
Description of the Prior Art [0002) In recent years, use of conposite
materials has grown in the aerospace and other comercial industries.
Conposite materials offer significant inprovenents in perfornmance, however
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t echni ques have been devel oped as GADSPACH for the identification of
defects in conposite structures, such as, for exanple, the detection of

i ncl usi ons, del am nations and porosities. Conventional NDE nethods are
typcially slow |abor-int8ASIGRQIND OFSTHE INVMENEIONsult, the testing
procedures adversely increase the manufacturing costs associated with
conposite truct%r : 003] For parts having irregular surfaces, the
neasurenenii&§€ﬂ~ﬁgigﬁk$€¥§%¥y correlated to positional data For these
parts, det i f t el C kng the
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scanned begppsih, (Q,g@[gm%rbogtlgr@tpda%@@,qm%g&w@g in a known position, thereby
providing a starting reference point for the scan, For |arge and/or

i rregul arl peshappdrobipastst the table or other nmeans required to position a
part are expensive and frequently specific for only one part [0004]
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under scanne Cross a ex sh , Or across adjacent parts when scanning
an obj ect asamethod for the 1dent1ﬁcatxon of dufects in composite structures, such as, for example, the

detection of inclusions, delaminations and porositics. Conventional NDE methods are
typeially slow, labor-intensive and costly. As a result, the testing procedures adversely

increase the manufacturing costs associated with composite structures.

[0003] For parts having irregular surfaces, the measurement data is preferably correlated to
positional data. For these parts, determination of the shape of the part is key to correlating
the measurement to a position on the part. Prior art methods for scanning composite parts
having irregular shapes required that the part being scanned be positioned on a table and
secured in a known position, thereby providing a starfing reference point for the scan. For
large and/or irregularly shaped objects, the table or other means required to position a part are

expensive and frequently specific for only one part.

[0004] According to the prior art methods, scanning of complex shaped parts tequired
multiple scans from several different poses or views. These methods, however, had several
shoricomings. In taking multiple scans of a part, there is a loss of context for adjacent
locations on the part. This can make it difficult to determine if the part has been overscanned

or underscanned across a complex shape, or across adjacent parts when scanning an object



that is nade up of two or nore parts. Additionally, the prior techniques
resulted in poor |ocalization of the |laser ultrasound data on the part.
Thus, there exists a need for a nethod and apparatus to provide | aser

ul trasound data of conposite naterials correlated to a position on the part
bei ng scanned. SUMVARY OF THE | NVENTI ON (00051 A non-contact nethod and
apparatus for determ ning the shape of a object and a method for

correl at i ntpal mswrde up ©of woemuorrpartsr Addidrmsllyt de privetepjicues regdiad Br paar ded.
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ul trasound data to positional an article is provided. The nethod
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eval uat i onon{hp%m%%dnﬁgj t he dimensions of the article with a structured

| i ght system (c) detecting ultrasonic surface displacenments at the surface
of the article; (d) correl &UVMgARORIHIENVHNEION article and the

ul trasoni c surface displacenents; (e) conparing the dinensions of the
article w {003 Amnowonthat metbet and( pparpipo e sisierngninp éheushepeasfonplicst und ace

di spl acerregltetho eér%)atlﬁ fLeEhithdo &Q&r&%%ogﬁé&%e%@gre @Abeladdhe processed

ul trasoni c sur ac |sp acenents. In certain preferred enbodi nents, the
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t he detection eamat the surface of the article, scattering the
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article to produce phase nodul at e rocessi n t he phglﬁ% nodul at ed
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point in t|pm;deuﬂfe~niaﬁ®taabd1tei¢saucnmafttxequ“awl@ is scanned with a structur ed
i ght systemto obtain article 3-dinensional information, A |aser beamis
di rect ed atl009klraatber aspect haeihad phpyabiating Fireralf Rarth iy tervics & Pexided- Uk asoni ¢

surface di splRaeNRALsShe IR o bdahASOR - hiReSt ShkSRINCRATRNGS it @ystemen _
detected. The 3-di nensional information of the |nstalled a rcralgeoaﬁ part is
iC

corr el at ed WPetHn eRislerdimensionsl Anfeimapg oA daseiean dhlirreied at,girigee 4

surface di spliaeeENtardatatt SindoaResERE dgfitbemaits @hiak &d thoh ibiediite Thaown dat a
set and to provide coordinate neasurenents for the ultrasonic surface

di spl acenent data. The 3-dinensional information and processed ultrasonic
surface displacenent data of the instal-kbed aircraft part is conpared with
the 3-dinensional information and processed ultrasonic surface displacenent
data of the as-made aircraft part.



[ 00101 In anot her aspect, an apparatus for correlating |aser ultrasound
measur enment and positional data of 3-dinensional objects is provided. The
apparatus includes an articulated robotic armthat includes a structured

|l ight systemand a | aser ultrasound system The the structured |ight system
includes a |light source and |ight detection neans. The |aser ultrasound
systemincludes a |l aser producing ultrasonic vibrations on the surface of

an arti cl edimpasipnal infoymagen efcthe pigmade eirenft paikis pereelaadrid thoHyasame SHshs f or
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[0013] In phe figures a esCription parts’are marke
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respectivej ., thg 4 gééér% A€ dirdlBh HGSEHT: %@ro'f e 1§1§Qal§:9 ali&aft PR kALQat €at ures
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robotic arm that includes a structured light system and a laser ultrasound system. The the
structured light system includes a light source and light detection means. The laser
ultrasound system includes a laser producing vltrasonic vibrations on the surface of an article,
means for detecting the ultrasonic vibrations and means for collecting the detection signal.
The apparatus also includes a central processing unit and a motion control system, wherein

the structured light system is coupled to the articulated robotic arm by a pan and tilt unit.
BRIEF DESCRIPTION OF THE DRAWINGS

[0011] Figure 1 is a schematic illustration of an exemplary embodiment of an apparatus for

providing laser ultrasound measurements and 3-dimensional measurements of an article.

[0012] Figure 2 provides a logic flow diagram in accordance with one embodiment of the

present invention.
DETAILED DESCRIPTION OF THE INVENTION

[0013] In the figures and description that follows, like parts are marked throughout the

specification and drawings with the same reference numerals, respectively, The figures are
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[ 0014] Described herein are a non-contact nethod and apparatus for

determ ning the shape of a object that includes conposite nmaterials, as
well as a nmethod for correlating | aser ultrasound neasurenents for the
object. 100151 Structured Tiolit 100161 Structured light is one exenplary
non-contact technique for the mapping of 31) conposite materials, which

i nvol ves the projection of a light pattern (for exanple, a plane, grid, or
ot her nor exvcowpsaily Bheghe)Gertain fatukeyofie inveition owy be dawp bjagesratediinsale echni que

i s useful f.qf | {TRAL AN ¢ h b AGdHTBASh R Anal dMnRhiTRlal AB: belsiid7 1

Typically, wth structure Ight systens, the light pattern i s generated by
fanni ng out e islemstt ef Gy amd gEisHESM (TP PrEsCRhBEItEE if iSHREPtiEEn t he

sheet of |dy@Rlineftt 6f B8GES Mnb. NSROHONHRANenS alide@hbed|ih @IMil AaBrekBovieen on the
surface of the object. By observing the line 0 froman an ,

, ' f light | e
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i nci dent |@&ﬁﬁliﬂﬁh@ﬂtgfthdipﬁ%@;ﬂésio@ms iventiohent isnet iamndeb @ lmiaths imta@dnitnt o hei ght
vari ations, on,the jject .being viewed. .Ml tiple,scans,.Qf Vi frequent|
referred ttBatgé"Stb%e‘sdoeaé‘gi S%S&rhbegéer%%%ilsﬁ%ge ?‘mj ISR 7L Mt difirent teoﬁ%'%g& 8§ eﬂt ire y
obj ect. Scannidbgdimaniebjieodsedribtlawl inghtbec amplpyedvscggaly Dot i onyrewitée about t he
shape of the, o @'&gg,@d ;epﬁts,?”i"}% JaH%tgrc%&'te?iQtids %hﬁ&géab%pé Q% H«El?

ta tor € obj ect. IS TS

bj. ect
coor di nat emg}r?1 aﬁé%g%gro a sonetines referred to as

active triamthet fetiusn and derefrisBesclesrsibodsin mpet dntadichelomg Will brorerdilii apraased t o
det er mi ne 4 he SKaRg ithe AuRRIEEh: thh bIGAMe AkeiRaREkAptoR oPAL BubRERIAI ze and

| ocate an object in an environnent, These features make structured |ighting
usef ul in @d$erinng P Hescompreing StaEspr ocess control O quality control.
bj ects can be scanned to provide a shape of an ticle,.which cap then be
conpar ed a§%i+hDescapeietrae %?"ﬁ?ooﬁtﬁ?t?eg’ﬂ@maﬁﬁaém%s%r ‘%?%W“\é%}e P toﬂer

aut omat i on: ebjeaswanbtlyddsi ddaposite hestehys, genetlads y notexdefasicogeltiing lascer al |

cost . .
nltrasound measurements for the object.

[0015] Structured Light

[0016] Structured light is one exemplary non-contact technique for the mapping of 3D
composite materials, which involves the projection of a light pattern (for example, a plane,
grid, or other more complex shape), at a known angle onto an object. This technique is useful

for imaging and acquiring dimensional information.

[0017] Typically, with structured light systems, the light pattern is generated by fanning out
or scattering a light beam into a sheet of light. When the sheet of light intersects with an
object, a bright light can be seen on the surface of the object. By observing the line of light
from an angle, typically at a detection angle which is different than the angle of the incident
laser light, distortions in the line can be translated into height variations on the object being
viewed. Multiple scans of views (frequently referred to as poses) can be combined to provide
the shape of the entire object. Scanning an object with light can provide 3-D information
about the shape of the object, wherein the 3-D information includes absolute coordinate and

shape data for the object. This is sometimes referred to as active triangulation.

[0018] Because structured lighting can be used to determine the shape of an object, it can
also help to both recognize and locate an object in an environment. These features make

structured lighting useful in assembly lines implementing process control or quality control.



[ 0019] The beam of light projected onto the object can be observed with a
canera or |ike neans. Exenplary |ight detecting neans include a CCD canera,
or the like. A variety of different |ight sources can be used as the

scanni ng source, although a laser is preferable for precision and
reliability. [0020] Structured Iight 3D scanners project a pattern of |ight
on the subject and | ook at the deformation of the pattern on the subject.
The pat t er @bjescapde snaencd itpragionsiepent ap whicldi wiehsian g be gemnased agiiest of a one
di mensi onal Rakidh Thiy RAvdntad® can A8y ! i Grihe? aRbAMRA R ssARBIP 1heeweMhy €Ct usi ng
either an LCD projector or a sweeping |aser. The detection neans, such as a
canera, | ogskrealit deprsesingibgpveist ceshe | i ne and uses a technique sinilar to
triangulation to cal culate the distance, of evyer oint.on the line. In the
case of a WPIRITEe PraEoT At weitcied po e nbicrscad RE sPseBel 54 A RBOR B of i ew
t o gat her gésit.angendlaf GsmrabieQing @RensShdlide aalCIa cdmene or [O0R4] AGrdetadfant age of
a structur Light 3D scanner IS eed.. I nstea nni int at a
e ot rogrurudehs SRR ket S BRSRRne FYIE aRlp TRAT BAGRE BE' 11 P O
vi ew at onescisidrhing religdlives or el i m nates the problem of distortion fromthe
scanni ng notion. Sone existing systens are capable of scanning noving

obj ect's i nf0pSirpgtyred lighy GDzeanpers prejoptad PRtESS HEIHOA S subfre 2ad gk puthed | ght
syst em det gl inQbnCAMBE PatkeRt b dRSsuBjedt] | THRIpafGS ingeR dn@ dASSiohdl Pttwo
corresponding only to a specgified wavel ength, such ﬁls_the wavel engt h of the
scanni ng Ida‘%‘i*s.“’“fﬁhe‘“d%‘f"é‘ﬁlf‘iogﬁ"’%? pogiopd PRIGEY K31 'B°1 ShiedR PrOgRE” PE%or d t he
li ght | mag@e s@ndt WiigRGhdt ak LODIrade@Rbf & F@ping Bker Thadidtie naas, didiate val ues

di to t i . tai nbodi ts, the | and th
ot et on A 1761 PRing b TiSMRaRrT € RNl o (BR8N AR
structur edealfdu@kvtth&_;lﬁhreqnﬁamabistnni tinclingd & t_he wafmdinghffmﬂ pattekonthevtineais a
texture Ca%%@ac:fo\é@hg B%IH %{ N8y {o%mh r diQanBd ig%hg%iog oile'"tjrt]rg) 4t TRAE, of the object.
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[ 0024] Prior C I'on t'echniques 1 nc use of a series of

t ts, " A ctif 5 .r cbd . - 56 5 he |
argets p[gan@gg,i) ?f%%% %ﬁgf%gtmttréﬁmg‘ﬁt% Ydhdr QY Speb @ C BlsleRNSE scdPf@he | N @

preferred timum manner to scan an object or part is

det er m nedpoitrig b didiengrisiich ekl saRpogTs sean mukiéniepoiith ar the REEE el Vistiraber  of

views or " pQseshis fRs bedinfiRles BRGRobIATHH Rk @tGCRIM the BRLSRY mBlidd. ok Ng
overlap of the scans, and mnimz eed %ag_,r econstruct subsequent

X a i ng the nee
scans. |n SeFPEFTRRREGrRReEsca g “f%ﬂf‘r‘ﬁé}f”eﬁ? n3geE8ecan  be opti ni zed

accordi ng asured data. In certain.qthe e(ﬂig iments,. the nknimm
nunber of B’géﬁg’] 885{%’nbeé"qjaé’fng?t?ﬁq%eesgfu?ﬂﬁm@flq‘\g/tv%#m{ eee%%&tfn%ﬁgrtaé{mtmdﬁs % ot her
embodi ment dssig@ADo ghatsdightanripgoralingloplyad a ppdciied tovamathniudlyat the wetsjeaeth t o
deter m ne {#\fe CaliPHick "he WHRRE ofther? §ASLIE KRR o tRoRMRNighFragl) | 7€
surface of e object or part.

and using various algorithms, determine the coordinate values corresponding to the image. In

certain embodiments, the laser and the detection camera view the object from different

angles.

[0023] The structured light system can also include a second camera, known as a texture

camera, which is operable to provide a full image of the object.

[0024] Prior art calibration techniques include the use of a series of targets, placed about the

tool table at various locations.

[0025] In a preferred embodiment, the optimum manner to scan an object or part is
determined, including optimizing (i.e., using the fewest) the number of views or "poses”
required for each complete scan, thereby minimizing overlap of the scans, and minimizing

the need to reconstruct subsequent scans. In certain embeodiments, the number of poses can

5.



[ 00261 In certain enbodi nents, the structured |ight system provides a
series of data points to generate a point cloud corresponding to the shape
of the object and the specific view of the object or part being scannned.
The point clouds for each view or pose can then be nmerged to assenble a
conposite point cloud of the entire object or part. The individual point
cloud data can then be transfornmed into specific cell coordinate systens.
[00271 Once cb;immizménsm&mg posesutddateadh cpdain othaventivdimenigs the bt o provi de |
a point clou erc%r osesecane Qé hetqn&%ﬁtm Vit De e As gl | \é;?y&%@ﬂéxdérﬂl%tdﬁ&nfsor the |
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non- destruct i eval u t| an hpi qu I, I eri aI s to
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parti cul arqanhi&nausmsfoas@lrmtuIs;temﬁsm]mtondmafaSwmnSdest ructive, non cont act

anal ytical technique, it can be used with delicate_ sanples and sanpl es

havi ng con{9P¥ht Queothe mepseisd pageifor pash RRT have bedapseppled LsRsvvide %Wtﬁg’“ﬁsed to

measur e prﬁp%tehtﬁé &) ah PHORIAR (%Gl,tdﬁrates fP 83 Qhrt hﬁe'b@eﬁ%éteﬂﬂxﬁdd@ﬁa@ﬂﬁﬁlset pul sed
| aser irradiati on causes ther mal sge?nm on andé}(lzwdﬁtractl on ﬁ surface

bei ng anal §ZFE®odipePaispay é‘HIéF"é‘tqe pgister e ReeiEn8 S PR RFLFOT FR° These
waves creaps; shhadds AGEIN et Serttnt bﬁt@oﬂtﬁ&herpbmts feithé pare andelfons tiise cataeo dtet ect ed

when a neasur.ahl e chan e .dl | acene aser

det ecti on ’ES‘F“‘EH?‘EW%@&H?‘? té%‘[ﬂ’yb‘@o‘ﬁ‘@? rARE p?IREO pe read%éfd’el%ﬁ%d i %%? %Jmﬁ!& t hes

t echni quesoadeea @ﬁnsasalstteh yegheiralg likerpurovael naxﬂeadéweiempﬁ;d anarrvenfe"mp@ bro best
met hod to use i.n general as it Lr &g PrORLEMANd an
understand? ag?g%ﬁ FOPRE S?/aélrﬁg%lﬁsg%ﬁm g:ﬁgnso#} %sergﬁbe?:gt%r can doe Comonl y
used Iasersudﬁtcmnbmosledtcajltbpnowﬂc)adwbawat egories, interferon-let-He detection
(Fabry Perot, M chelson, tine delay, vibroneters and others) and anplitude
variation HE2®dmbesilmsendas knife edge detectors. [00321 Laser ultrasound
IS one exe Iary met hod for ins ctlngo ects madefromc Q

materi al s. [(@2Hdmsar WIrasquRd B PHSTURIYT @ a‘b‘?"o%ﬁ‘@ W oty lgg? §Sq“§r ations
ONn a COoNPOgiateBalSidlthads ph)yndéadh,atutmsg the pearehaemﬁdﬁéctst, breis;h@lmosn pagtioMat,h a

pul sed generation | aser aser a t he

vi brating E‘ffﬁ‘fsﬁgaée" Efsﬂs‘égfstaé‘roggest@%t’fvfe P& taé?almy% aésegﬁ nrgdghfga%‘eog %td t he
surface vi bitat detinge tsmnnﬂea)dmbearmhashawmgjubramled gbwngzmes THedigihepdle, &P@ﬁul ated
e PR BOLR ! S o BREIER BB OF LD ke, and o rected it

for procesgl ng Focessin per red by an interferoneter

coupl ed to, 609@ I?QASE;%&S&Qd%ﬁSE@Qser b RLIRK BRbduS (IReRa @k fahdish dRoRRBRASI te can
be ascertaine rom-t hase nodul at ed_ | |ght processin i ncl uﬂll ng the

detection 6 thersiefacs beige |aaaf*rxa%<étﬂil%fﬁ’§ SEIEBESHSPS “RUP ST f"é?ef igl glhese
(i ncl usi onghvesdicaRANPBeenBE of the @fatekiblf QffA0] DefRcts are detected when a measurable

change in the displacement is recorded.

[0031] Laser detection of ultrasound can be performed in a variety of ways, and these
techniques are constantly being improved and developed. There is no best method to use in
general as it requires knowledge of the problem and an understanding of what the various

types of laser detector can do. Commonly used laser detectors fall into two categories,
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[0033] In certain enbodiments, a Md-IR | aser can be enployed. Generally,
the md-TR | aser provides |arger optical penetration depth, inproved signal
to noise ratio to produce thernoel astic generation w thout producing

t hermal danage to the surface being anal yzed, and shorter pulses. (00341
One of the advantages of using |aser ultrasound for objects with a conpl ex
shape, such as conponents used in the aerospace industry, is that a

coupl ant i stetfnmeeis deegtion (EhbtyhRere,ovijphésons trap dday aibrdyetexandi atteds) wid hout  t he

need for cont var%[m tgonsch‘ kGise Teh&é tofs@Ser-ultrasound can be used in
aer ospace actiri g ror |ns ectin yner-matri x conposite materials.
These Comﬁﬁézg%aﬁﬁttﬁttés&tﬁ lwleuaeﬁis&% nitlth&d Rh:C B RBAAC b Madd®Mirohi ages
during the aration of onposite material's, one of which is the

ul t rasoni ccqnwgfp@dﬁt‘tﬁﬁlsbﬁ@l%@]@’r gl b s Ao 5RPHE viprRbPRRgOn 2

manuf act ur {daodild @e@ace @m&hﬁgeéptﬁﬁ& dtt}efcemg&ttywmewe@ﬂ éeyerﬁ:frbaﬂc&&{ exized to
ensure the res |ns u ed in

m ng onposi te ar roper
Addi t i onal ‘ii*’)tte,cm?“t ey F‘"’r?bﬁ‘?nt E?fn%‘ref% 85??? |V%mn$%é?’%af%§nde§fg?eé%t ?%%t?drft ere used
in the for pﬂdgbgmmmeelsl@ thBeG:&id6 @ibdtionsStopratinee plesd modddtadelighno fThe pimsact
t echni que, (o oun ref er.abl e neth a pi cal ly,
cheni cal C]ﬁlg(f Z??detj?ei éxgﬁt Ocﬁm eoilecte(B)Slyto ttca{? meansal SR}% lﬁge %{a tlhylﬂﬁg 0 %%S
obt ai ni ng pomksig. Hanpingds t[ympallwm&nfameﬁb:spemterfesmetmmhtdﬁbﬂﬂahwe@nal ysi s.
[ 00351 AHOEHJ“% o &t}%n%g%%&g% ofboSFRLPY ALkrhiEs PR ER Ml Bk S T e
spect roscopi ¢ anal ysi s descrrbed herein ma perfornmed on the
as- manuf actight e@cq.ﬂiang, éncludigg ihsrdetepiion o pragkssie ‘@U?’ﬁa@"ﬁ&é fpreign megKkiels from a

particul arg uM[s?on?@sb%ﬁlﬁ'a)bE%Qer ifodhali@por atory. Addi t| onal ly, the
spectroscog}pc an réSl s techni ques described herejn al. so hfﬁoerrpl oyed

when the pHP33}ilgcerigifempadimends. 3 Mig-f E‘PFéda”pltec?H’tHE’t’eé IQ‘?“‘E Pe BF FSHbBH nent s,
the pr esenﬁloﬂee?shﬁégeﬁ&am@e p@ﬁe@dtldhn d@)tlf I ifpged sighzﬂdﬂdChmﬁUl’dlllgtot btedtta;erl od of

its useful |if i nto, servi e it is
affixed t othS.’ﬁ’OS’ia$t’<9r=§‘F‘tra€’(S’F “6 ‘?1‘&”‘(%8%%%8&5338?“&@5% é%‘g‘F ém%tc?tgm%g%atlyf B copi ¢

anal ysi s cafi sheevpul@s an aircraft part during the acceptance testing of the
part prior to its assenbly on the aircraft. Simlarly, after being affixed
onto the aj00d4]aie, of ahep@iwtnagsmofbemad@bxyzlwﬁom fagolieres ‘sﬁe@w@@@omane,anal ysi s,
prior to a%ﬁg%«?@ nddls u%&ﬁn@le aglroﬁgatze 1n9xfstr9f1§ @:Etatc;&@plﬁtt 1&!11%0%555‘:?%:1@%@” in
service an aring the part or of the alrcraf 36]

shoul d be ervtpisk shhper cphbe prassned twitheytHbrigeed ey “r?é‘to‘“tﬁoH‘P"(‘% rabgtie; riré’f‘s»pr oduct S

conpri si NGl hufifa@fuhd BV be GREY InNSdrdidRe Qﬂéﬁuﬁtbtﬂgtllgeﬁ)@aﬁipe@lﬁtg anynRf-pdigt t hat
i ncl udes two or nore part Additionally, the |aser ul trasonl C.S stem can

be used t oSPRRIVICHBE Lt Bgsécfﬁfnéo%xﬁé‘ll%tag BYY pieise ‘B‘ﬁ“ Mo PP g par ts in
hard to aC@t@tﬁﬁ dbm;gathbq;l?@ammt ofofnk )éo;ﬁi&ﬁtté tteteﬂmemtofrmmoﬂ thtetlengohise t he
conposi tion of .a t % i ﬁ{lﬂﬂff such dﬁ manuu 2h fur eﬂ\e artm Jhe, et hod can
det er mi ne {FPEHRD lb"g{ i gt f)‘?nbec%oé'g Hee B‘%‘é ihde nreort &6tly. For
exanpl e, | prefeh@lypaghichiy (ﬂlﬂﬁﬁﬁﬂ%& itd ensae thenetivkdhesd & ﬁomsngtttprcomg@sttse aiet can be
determned_if the co nstit properly
processed Brr()p%{{?rcé%%' }g@?‘ ﬁs | agégtgr?b% r}ﬁ%ﬁ %%dge)ﬁr§dt ?ﬁsﬁ’gg}é% Llggéa%artl cul ar
or desi r edthedmstingt pueats, Bswhe inis ames-dwtrums lnse@tachteﬂwwsd@et Heaspinda|
product . The, 3AAAAL SRl ! 2fyd g?cafy cherflest Qb THCEY BsinpRsiRai Nt ed
surface, has been appli g roper coating was applied
to the surfatsdalsipicelly tHM@V@O@’EaiIW W&gmaﬁﬁlﬁplie%fj” rb‘?f@ﬁérsﬁ";ﬁ”ofce%g‘]mﬂé’é’or di ngly,
recorded opti&al depth data of known conposites provides a valid conparison
reference to’identify a material from neasured ultrasonic displacenent

val ues and[mstr,ﬁ&mndf g gentizad bmmtle,aﬁg mv;eésemgmhod,ee tlmt;ﬁctroampice t he

identificati respect t art limted to
the speci fia‘&a?wvgéﬁ‘g‘fd@ THOEY g? B?t%“g%tm tg?ta %“6]%‘10 ¢ 'és’é%}é i r?é’sonalf t he
mat eri al hadmb@mmjnsm@eukylmnmeeaeemxpamdmpeﬂwedmagb@ﬁdmyc@MpmemﬂVons

W thin the nat r t provi des
an aut omt 4 FOHCGUZt PR dany i A5 R0 BEGh cal 48 BABRR LK PLlARR C

posi tional data and spectroscopic data of conposite materials. Referring
initially to Figure 1, an exenplary enbadi nent of the structured light -

| aser ultrasound apparatus 100 is provided. The apparatus 100 includes a

| aser ultrasound system 102, an anal og camera 104 and a structured |ight
system 106. The | aser ultrasound system 102 can include a generation |aser,
a detection | aser and optics neans configured to collect light fromthe
detection laser. In certain enbodi nents, the optics neans can include an
optical scanner, or the like. Exenplary generation |asers and | aser
detection neans are



known in the art. The analog canera 104 is a real-tinme nonitor. The
structured |ight system 106 includes a | aser 108 for providing the
structured light signal, an optional texture canera 110 for providing
panoram c i mages of the object being scanned, and a structured |ight canera
112. In certain enbodi nents, the structured |ight camera 112 can include a
filter designed to filter all light other than the laser |ight generated by
the laser af@iged1d banswtmmoma ¢estaio cupbdbderts tha presant ingbpdmexive whbei ¢ arm 116
having a r r cludes a
pan and t1 Poidl PRk g uiBaahg uée?ta%f{ﬁsﬁta R e
robotic arwhileliﬁls affxed toab@mra;ﬁ @ttqithe!tl@loéﬁr dbepapply, %@Fﬁ@@@l’@éh@t‘ﬁ#ssc%l | owi ng
the syst enb&gﬁ]e?an%mﬁ pi dt&llﬂg tb@%@dtf)t‘a&@ té%ﬂcmgtch@he%mtpﬁ&do hasatdiaeh@e caneras
u

and | asers eb roviding a f-aware absol BOSW opi ng 3 stem and
el i mi nat i ngjradie ﬁﬁ\é‘ér X’@f‘c"ﬁtﬁgﬁgtﬁf%ii Rglotthe it ahatt o BT ARG BHEF ef er enced
tool tableg eﬁﬂﬂwplc%@l%té/ pribh® R&pfan@VETR: 5iRRG] bCafky Hetdifcial akibéealihe for

scanni ng Iarge obj ects o Jarge for analysis on a tool table.
The syst ent10¢F B‘ét"%?d{tl"p?fé@ﬁ%()ma"% SrATG Ry that i ncl udes software operabl e

to control r ndtoc I I
enbodi nent gﬁ)?@ﬁt Pdltjée s 1@% i t4 nllE 6lﬁt)al}°%g emﬁjrﬁ]?e% té)e??agﬁ%&%%

enbodi nent sgmyirksieg srystfemtcammbbd@wplneh ped Oaanbflpnéacrt th‘dainpludqsrﬁw@éfrm@rﬂn ot her
embodi ment g, .t Ag,; ﬁgrﬁatg%ecigsgr Q@asgl'ﬁl:' S gtctaﬁ)b@us'g@%a;p&ﬁdet&ﬁéﬁoé% it hafysi¢ehi cl e.
The vehi cl e can ‘ant ageousl to transport t emto a variety
of locati on%pal’(ﬁ@os@'}mqsr?f@éﬁst lalfﬁfdetﬁt?%t;srﬂﬁ‘ﬁ‘fl@m trhé oalm%meé’ew dHeti ¢ arm

and any nMeafSmhRr id M pRRdn St PdafFer SRR, Ismlamnm@asret Déict, Fttieemaﬂctd ag
collision wth objects in the general  area, such %exa t abl es or

the like. egemingibie abisitdumine Rf%f"ﬁsstf’@s atftmuaéﬁétak%f%%r #5248 1e H'Eg‘ﬁs

i ncl udi ng p&OY ARBIAGId Iae chQﬁ@tak@@mOf)roﬁﬂot if I::ahGBb Hét@minedrifl ttebjoapbsici nt o t he
control system for tP tic armor Cﬂ] du%%dl\{grllg%oanas%ors

Typi cal |y, SPREY$GH SR @8 ?F‘Hﬂ age P%&ﬁ@&efé’tﬁmfts Poetdpy agor SR hat s
occupi ed bye tthamm&dtzf é)mmglascaﬁme&& cop 810461 sszfaera’smngamwxi trofoﬁmgglﬂe 2, the
steps for an.exe [ r ser

ul t rasound%a%{tpmdg%r f[ré% ar(l)r?'c?ls Can 8 I% da&g} [ &ﬁglc&éﬁ? 35%%% or\g(l\'/dded‘g &l irltega fi

step 202, &eawabplisd &t sdotsetcr, ufabwrenbr lebaging wayanplied to |ﬂa§5tfaoalaﬂ¢ Helsneatingnd
robotic powgépgg dﬁ%{?tem are provided. In a second step 204, a part is
positioned iIn predefined |ocation for scanning. Generally, it is not

necessary fB7t ARoRBEly, R0k B?t ht bPRE dath RE AndsROWEnpRRAL predes &S vAIRIS
necessary in the prior art, hough it is advgé}kt@goeou for the art to be

posi ti oned cmﬁpaaswefeﬁ:éerf ﬁodé%’t’t‘fyoh mafepal; ffn PRRshE splacHmeY VRIS canned
Wi t hI a str ld@(}: ucrtaebohﬂlggttge&mtxemandatetwgthasar ndﬂddtafbas@uﬂgadnldayﬁbﬁm with ol

si mul t aneous i e str.uct i tem fol |l ows
a predet er AR %?Btoﬁget rﬁa"?r&‘?ﬂgtg‘%?t%‘stngqma%g&?{l}fépemg |nta|38§l °8?p%gnb%l? sur f ace,
rel ative t alst Hechskrdoatngs, eifl thd ghterigyisitl eren ﬁ;qpmt;abtqussetihencspﬂmtamsedf Li ght
canera includes..a f‘% %tﬁe%}gt?tlagl Iters the light such that only the | aser

l'i ght passe“’(s’m?qﬁlr“(% ter and is recorded. This can be acconpl i shed

by filt er ' %39}"% o Ltspm%ﬁé B%ﬁthﬁeﬁ&éh%m%&@@n B&%W@n@@ﬁh@m@ﬁ&ﬂh&ﬁ&d by the

| aser. ine detection algorithmdeternines the COOI’gl nates for, each
i ndi vi dual as¢ gitparg\pe for tch’éelﬁlﬂﬁé’étm%‘ﬁ‘r‘faé?c‘é‘d SHYFHOSPIIG) 843 P ‘Ef“tpf)ijrt‘?tmaéi}”étsem dat a

and corres @&tt@ltﬂggmiuaﬁ;eto ikt as Qn ReerAdra e&b&i;tﬁ&ﬁ@fdl&ﬁstruﬂﬂ&dsngﬁiemsbxs nmoved
and repositione

to take the re re the
entire sur RS 2B APY SHEY s@'a%a?@%rm? ﬁO%a %C{??tih"‘s%rt itffsﬁ’ﬁg SY%ft er the
entire surftazanaflattgt@npartomaaabmmaictagnnedtemtme The insdrwitedounil gystendat a i s
conpiled t rov, jigct In.the the
structur edoll()?fj‘ﬁ‘t *f*g&teaa tege’%ﬁ"“gﬁ‘éf 2 deteﬁ“"a BRI e meaﬁgt JOB?%&&B cgﬂﬁ% ,
data or ar dightviabm Sher detotiorelsdri ginteersiramsbagimeats| thk@pb@] |eAns C«'tmmaluéq %t h st ep
212, the | as ultrasq at r ight data,
and the corf g‘?%)(sjcr? Nyl Orﬂlﬁ%\}\]g dgfC érﬁpl&? ée'?ég?{ogg%s%r% aliégq%%{t Héé'%‘{ﬁ gﬁ?d\?aa?@data In
this manner, the Iaser ul trasound data can be mapped agai nst the structure
of the part, and trends in the presenceg. absence or formation of defects
can be determ ned. [0041] U trasonic displacenents are created on the
target surface in response to the thernoel astic expansions. The anplitude
of the ultrasonic displacenent, at certain ultrasonic wavel engths, is
directly proportional to the optical penetration depth of the generation
| aser beaminto the target surface. The optical penetration depth is the
i nverse of the optical absorption of the target. Thus, in another
enbodi mrent of the present nethod, by varying the generation | aser beam
opti cal vvavel engt h, an absor ption band of the target mat erl al can be
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with the laser ultrasound system |Individual ultrasound data points can
then be correlated wth coordinates on the part surface, and projected
onto a registered coordi nate nmeasurenent set. In certain enbodi nents, the
ul trasound nmeasurenents may overlap at the edges of certain scans. In sone
i nstances, the poses for the ultrasound neasurenents can be designed to
overlap in specific areas of the part which are viewed as requiring

mul tipl e datecanpoihabg. ThO44d caberanidt gk prldinieanpsityr, Thelvanivred dighttspstemippi ng t he
laser ul trasounddata. t8s fhGr %R o4 Bructled tx@xt% ﬁ&%%ﬁ%ﬂ@ﬁeﬁﬁ&@%&ée

i ncl ude inproved 1 nspection effi €iency ? he use of a verlf ed
structure a}OdfoveerVf(ﬁ"@amaFl@‘ﬁthHatagqshé thﬁhtﬁmcé being papredopnd: hatrysirgd t‘@tbel ng

scanned. AdgitJ ppal hxsertﬁy elﬁ&fdttﬁén%t th@gsr&dﬂﬁedlhéht 3ERu 41 ﬂ@tlan&hmetahﬂtee oordi nate

data for the part, arcwmg par.t atalsb f]ng ég S|sthe
correl ati oﬁestﬁledam;fé‘fe’t al} lighpet %‘c?%ﬁﬁ‘ﬁ%"dfaf’eﬁ ligh{ gererptadry 1y Bt V'8Pt r asound
is useful fgyis RpRdld étgarﬁ&ulth@erd r@@iﬁeﬁ@{ 1maltae1ag akotloaslagk 18 stobcthe stich as

porosity, forei teri I rials
(incl usi ond¥® Syétg@ﬁg&ﬁ? m@t‘%&ﬁgan aé‘H] ‘Bg{]&é’wgwg © Srr%("é‘fr &glsg%lt %’cﬁ@tggf i ber
ori ent ati om tan@béticlen lwartmetrgbpu@arnttlﬁ pretkabbsissludem sknlud KiongHlzerdysveth
properties, .Thus ot her a yant age er
ul trasoun dioobézt x,‘[elogﬁt OS! e e arm tf?éc a %}l%é Qa{rr?ésgé% ﬁgetéggglgga?% lg)}’tlgfagm s while
at .t he same stlf- mranlablym mgtlomrg b@ﬂetkt alt&tebmlnaﬂmgftb? need dorppasisieniae thefratef ect
condi tionsy, d%sc@%‘dt&n%re&’e?entcéheto@at\éblgg%d‘aftloﬁdllq'eth@-@gf AR t@tic SysteleisPr esent

met hod provi des nore representative spectrosc%m c analysis as the analysis

i s perf or mewtabip fartreanaingilarge eRigofsaibas ngpy herer g det 2nply e Py a toohiahlsy thean

cor respondi 'sﬂ:&mt 9)03m£)’3§et cARPP AN a QbmGREH th |1no‘ﬁﬂ@§cﬁwa@%p@@bl@ do ab@ethet he scan
can be perforned on manuf act yred part m;% Eﬁ art affi xed to a

| arger fi nl"@rf?éﬂcii?"é‘t‘fu%‘@ toc?Pu‘t“hg‘efqaﬁal I“f‘ieﬁ g ’é‘f‘?ﬂ? d g SEHuREY % a whol e.
[00461 In Gt@t!i&t@ﬂy%yﬁémoﬂtl JFRAb StheiGADodiatefts, TRy syliem awaibd @bbled foar linehraraibbj ect

bei ng anal yzed. thesg enmpodi ments, the 3 dqo§| tolvan é’&t@a%tr grated by
the struct G‘a‘l“l t R dimERS i Y BB P R S g A T AV And T B der T ayed with

t he CAD datrae vehittesag Bando@tagsedly asedao gamapdrt tie sysier taod vapm@éhimﬂens o verify the
manuf act uri ng process. In other enbodinments, the structured |ight data can
be over | ay 939§ Inlvetdie craaDingatsatht artisplaiod ebolsomm Arveany GReoes fof evisaie. Dat a
that is col]ectedwd dﬁeaﬁtg'ﬁ)r ﬁe(l%h%&ﬁﬁis idnl \Qmobﬁ%éttﬁfﬁb%@tﬁréﬂﬁxeb‘%% dsQorPr ovi de a

data cl oud cdrrespon structure of the object. Based upon
cal i br at i omxamish idbles &5 ﬂl?s‘é‘@ fenllisiomerveigance gin bnachiseest bit é"ﬂféet%o‘{:’fnﬁ‘ﬁ‘& can be

produced. Tx{?sﬁ;dﬁt?tpﬁ)gﬁa e GaRcidrgnr Aeneuisnt ad dbj&bt@ 1r&ch@1e ChiRolisyateinrtg, t her eby
provi ding corre

ation between the structur% @g’fl ta and ’}[9@‘ D data
The | aser @Het'PResi6 @ OHuEh AT BIF TPUOYS SEEEF-a bYRI(EI PLOPYE 4P 't Ke<d8ie tine as
the struct @wogthchipghl tdapaae tharisloogicedyatagrbeing sdineiidual points on the
surface of the object, can then be projected or mapped onto the CAD data to
provi de abgel40} Refadiog chivnatRegudal, ahefsceps fohen dxawpleryudicd oumahndanaart ajdd047] | n

certain enbpoqsdr@;l{gls%f lgrgguxﬁgﬂf?i 6?\%}&698 dBa3fe &%eﬁa@?{t rst §éb0h as a
texture cafe texture carrer (aJ y cggtur s full 1 mages of the
obj ect, and0zarabiwatesenictusd lighirsystems degriitasommdgad phsisnositting ey s

structured tdvgtat ﬁ?&'@écé‘nd Jtébe?()téleéqo&!{ B (o@lBka il MpGEerinSd MRdtiohitht Lamthgl 0 renove
the object 'Tromthe I mge. he structured i ght data provides a

virtual surdeagalypft et B@Pé’{sai"b’tfﬁrethﬁé’i"ttd? e Paigngd dhA kﬁ?‘?ﬁ’tn‘tﬂ‘éﬁoéna%@f‘%al i mge

of the obj %@&essa%h%pﬁ@rrhmbﬁthb@gﬁdt ib El‘ivﬁlﬂﬁﬁeb‘ﬂ%ﬂ tﬁl’ﬂpa&”ﬂt(&ﬁbﬂd@ﬂO}&Hﬁrﬂ@ﬂdﬂt&d | i ght
and | aser ultrasound data

IS mann ruct ur | i ht dat a
and the CAPGHta gL hgd ?f??r?t?graé’&“\}\ﬁ tcﬁ““t"‘iig ith g §‘i§‘<’i"1mr?‘ﬁlé%‘gsy VAR gg}f "t he
tex-ture caResund Agdid ispmahtapusit. hen tc&XdixUléﬁbmmsa tieastruyptucedi likdt aysemew of t he
part: bei ng anned to th rator f.or. a I
Pr ef er abl y,fs"f He aé”ferdﬁt‘c?%?g {})’%% ﬁteasél% LipSplate 8asihu ﬂ%étﬁgg) R?‘?rgar%e t’%‘g‘gg?‘% orm ng
t he scan ofthd dractobi Egit sysCal. anpaali)ommsgumEMWawetaomémmﬁtﬂé@uﬁb@‘y in the
measur enent and preparation of the coordinate data relating to the object
bei ng scanned. In certain enbodinments, the systemis calibrated |ocally,
i.e., inrelation to the tilt and pivot.9nechani sm by scanning a object
havi ng a known shape with the structured |ight system




[0049] As understood by one of skill in the art, scanning of parts having
conpl ex shapes may require nultiple scans. In one enbodi nent, the scans are
conducted such that scans overlap at seans or edges of the part. In another
enbodi ment, the scans are perforned to purposely overlap in certain areas
of the part. 100501 Registration and conparison of the structured |ight
data, against either CAD data or prior scans of simlar or the same part,
can hel p t e dpigundh thdt anly @084 olght basses drdugh dhedilienandds seantte d his @m Y9 ni mal

over| ap, Oﬁccé%;f Phe(avtg'r iﬁl?cﬂné; Butt dMewieleh d%tﬁsaéthe@rtﬁaﬁsthé)tva\;eﬁﬁgtﬁ%Jduceaqgﬂ i onal ly,

regi stration a for features an defects to, be scanned and conpared

across nul ksl & lipadetestionTigositha desrrmings Bptasrhingles K e3ch idiyidiabican vgr Bhd

sol uti ons biR.paf&Y el Rethul&s 1i cf%hﬁfs@x&ﬂ\i@@ﬁd repondinit Mice uBledoRsd Gata are
Addi tionally, storage of the

ta allo rts repaired to be
compar ed weEHdgdhdhe %te@o‘ﬁg’f’?’i?@%&apoﬁ%&“ﬁ ?é@‘ lg’d%'ﬁ‘mﬁ‘%fm ﬁsa?éo %rpaﬁt fts having
?chrgll% e&{é&ﬁ&hee@gléd;@:ﬁhdégalf’ltt%b& ey dogntls eth Mkhuﬂlt‘n s:ep;zbmdﬂm ghegstarandt post s
Struc stem
However , u%"(lz‘hi‘)ef‘g]ft epﬁ“gl PG 5?%{18?“15 Sﬁﬁa%ré‘g[églggga SuppL d%{{ %’gmwl e ?olg?lt bei ng
exani ned r eigul iof s olgjedt.olt therfdihl seg G0, dife strmrsﬂabeda@fmﬂgsE%‘aﬂitamwnml as a
bogi i NG 161,906 ROUS ld Braghl1 A 00321, 4% HBGCBRTE B ap e o

about and ap’ Yoxi mat oul d be |n to I nclude any val ues which
are wthi nlmlmﬂaswhlétraﬁ@mﬁﬁ@a isegtfrelesed Wdhﬁ%@%ﬁ‘ Heht deipiapdthe saTesPordiie ter m

about and %&%%ﬂa@@t} o &a%fe%éﬁ%pﬁgﬁwzﬂ Gatdt Fn@lﬂgﬁaxﬁltzr wRlitesuishemidah e

I nterprete I nclude b he ti and | ower end of the recited range.
101: 1531 WWinl & mprped againt Fb@rﬁﬂﬁ%iéfebééhﬁ B RAY GFndddR dhe BB 2B Come of

i ts enbodi pRRALtDN of derRQW Bk RRrARRAr ent to those skilled in the art that it
is not so limted, but is susceptible to various changes w thout departing
fromthe sopg Uélfrasbiﬂe dispiventntomxe created on the target surface in response to the thermo-

elastic expansions. The amplitude of the ultrasonic displacement, at certain ultrasonic
wavelengths, is directly proportional to the optical penetration depth of the generation laser
beam into the target surface. The optical penetration depth is the inverse of the optical
absorption of the target. Thus, in another embodiment of the present method, by varying the
generation laser beam optical wavelength, an absorption band of the target material can be

observed over a wavelength range of the generation beam.

[0042] The automated system is advantageous because it is much quicker than the prior art
conventional system, which required that each individual part be positioned in a precise
manner on a tool table, thereby enabling each part to have an initial reference point. One
major disadvantage to the prior art method is that each subsequent part having a like shape
was required to be positioned in the exact same manner in order to provide data suitable for
corparison, such as a for preparing a database for later comparison and compilation. In
certain embodiments, the present system is capable of scanning parts at up to 5 times faster
than the prior art methods, and in preferred embodiments, the present system is capable of
scanning parts at up to 10 times faster than the prior art methods. Increased rate of data

acquisition provides for increased throughput of parts,

[0043] The ultrasound data is preferably measured concurrently with the measurement of the
structured light data. In certain embodiments, the structured light system is synchronized

with the laser ultrasound system. Individual ultrasound data points can then be correlated
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W claim 1. A nethod of analyzing an article conprising the steps of:
scanning the article with a structured light systemto obtain article

3-di mensi onal informtion; directing a | aser beamat a surface of the
article to create ultrasonic surface displacenents; detecting the
ultrasoni c surface displacenents; correlating article 3-dinension

I nformation with the ultrasonic surface displacenents; conparing article

3- di nensi owigh cdonfiratesan the parpkurfacea akdrmuaiertadante agegisterpd oowdnsierngeastiemant t r asoni c

surface diap! #f B ofifhifien@ e iasound Heh@IAh b B cllpoAMnABIR; 3pt and the

processed ultrasonic surface disp acenen s to provide coordin
neasur enengesain geang. pa sefe ngianses élesvaﬁef o the gftgpiupd BRISHEMEIES gan be designpd net hod

of |C la It M | tofo\drtaP &1 spe@itirdas biBe PASHEHGR Nevdi RereatitinCh@iiflofatd gsR¢, Ul trasonic
eval uati on.

[0044] As noted previously, advantages to mapping the laser ultrasound data to the CAD
data, or to a registered structure, include improved inspection efficiency due to the nse of a
verified structure and verification that the entire surface of the part is being scanned.
Additionally, by correlating the ultrasound data to the coordinate data for the part, archiving

of the part data is simplified as is the correlation of a part to be scanned in the future.

[0045] Laser ultrasound is useful for measuring other general material characteristics such as
porosity, foreign materials, delaminations, porosity, foreign materials (inclusions), disbands,
cracks, and fiber characteristics such as fiber orientation and fiber density, part thickness, and
bulk mechanical properties. Thus, another advantage of the present method is a laser
ultrasound detection system can perform target spectroscopic analysis while at the same time
analyzing the bulk material for the presence of defect conditions, In addition to the savings
of time and capital, a the present method provides more representative spectroscopic analysis
as the analysis is performed on the entire surface of the object itself, rather than
corresponding to a test coupon or control sample. As noted above, the scan can be performed
on a manufactured part by itself, the part affixed to a larger finished product, or the final

finish assembled product as a whole.

[0046] In certain embodiments, CAD data may be available for the object being analyzed. In
these embodiments, the 3D positional data generated by the structured light system can be
compared against and/or overlayed with the CAD data. This can be used as a quality control
procedure to verify the manufacturing process. In other embodiments, the structured light
data can be overlayed with the CAD data to provide confirmation of the part. Data that is
collected with the structured light system can be used to provide a data cloud corresponding
to the 3D structure of the object. Based upon calibration techniques used for the system, an
absolute data cloud can be produced, The data cloud can then be oriented onto the CAD
drawing, thereby providing correlation between the structured light data and the CAD data.
The laser ultrasound data, which is preferably collected at the same time as the structured
light data, and correlated to individual points on the surface of the object, can then be
projected or mapped onto the CAD data to provide absolute coordinate data for the laser

ultrasound data,
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3. The method of claiml| wherein scanning the article with the structured

| i ght system provides 3-dinensional data for the article. 4, The nethod of
claiml wherein the article conprises a conposite material. 5. The method of
claiml wherein scanning the article with a structured |Iight system

conpri ses: provi ding an structured |ight apparatus conprising at

| east one canera, a |light beam producing el enent and neans for noving

st r uct ur ed[%0#YHe cegpipambpdiventp thyj appardturpan includiha sehend vpioeTa.cuethas adentfrice of t he

article; cimera T20RKAN Aok REnSAVRL Al Qull BEELME teNBjeltM R (Bfrol | ght beam
bei ng projected onto the surface of the article; and novi ng t he

st r uct ur edPar igienidpparReees UpbkeahqaReird gt pamera e (PO TremeRtniee IS f ace of
the articl gudi@swhess-"Bassb@diom the image. While the structured light data provides a

virtual surface of the part, the texture camera can provide an actual image of the object,
which can be used in conjunction with the structured light and laser ultrasound data. In this
manner, both the structured light data and the CAD data can be compared with the visual
image provided by the texture camera. Additionally, the texture camera can provide a view

of the part being scanned to the operator or for archival purposes.

[0048] Preferably, the structured light system is calibrated prior to performing the scan of the
object. Calibration is necessary to ensure accuracy in the measurement and preparation of the
coordinate data relating to the object being scanned. In certain embodiments, the system is
calibrated locally, i.e., in relation to the tilt and pivot mechanism, by scanning a object having

a known shape with the structured light system.

[0049] As understood by one of skill in the art, scanning of parts having complex shapes may
require multiple scans. In one embodiment, the scans are conducted such that scans cverlap
at seams or edges of the part. In another embodiment, the scans are performed to purposely

overlap in certain areas of the part.

[0050] Registration and comparison of the structured light data, against either CAD data or
prior scans of similar or the same part, can help to ensure that 100% of the surface area is
scanned with minimal overlap, or with overlap in the critical areas of the part. Additionally,
registration allows for features and/or defects to be scanned and compared across multiple
parts. This allows problem areas to be analyzed and solutions to be developed for the
prevention of future defects. Additionally, storage of the data allows for paris being repaired

to be compared with the "as constructed" data set.

[0051] For smaller parts having a complex shape, a tooling table can be used which includes
pegs and posts to provide the necessary alignment cues for the structured light system.
However, use of the tooling table as a base and support for the part being examined requires

prior knowledge of the shape of the part, as well as a beginning reference point for the part.

[0052] As used herein, the terms about and approximately should be interpreted to include

any values which are within 5% of the recited value. Furthermore, recitation of the term
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6. The nethod of claim1 wherein the steps for detecting ultrasonic surface
di spl acenents at the surface of the article conprise: generating ultrasonic
di spl acenents at the surface of the article; generating a detection |aser
beam directing the detection |aser beamat the surface of the article;
scattering the detection | aser beamw th the ultrasonic surface

di spl acenent of the article to produce phase nodul ated |ight;

processi ngabpkfeeng hprseximeely vabhaesppdt ¢he range eftelichsheald de igerateicd go fnsludhe

ul trasoni cophit RGRr Mb FRHRGRINE Ak Sechid hi}e. surface; and collecting the data to
provi de information about the structure of the article. 7. The nethod of
claim 1 whposs; wiil enekii@Wiondat Bees ellowinSor AR @A Ponly SmeDhs ertiddpebnefit cl ai m 1

f h i, Si | i brati h d ligh . i
reasuri ng. TR BF RRRERbRGr SEet e ot A K4 Torie ibue KR SRR “aner ei

t he arti cl erios chmgad widioaf depgoeigt from the scope of the invention.
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10. The method of claiml| wherein the article is an aircraft. 11. An
apparatus for correlating | aser ultrasound neasurenent and positional data
of 3- dinensional objects, conprising: an articulated robotic arm said arm
conpri si ng: a structured light system the structured |Iight system
conprising a light source and |ight detection neans; a |l aser

ul trasound system the laser ultrasound system conprising a |laser producing

ul trasoni gh%&gt!ons on the surface of an article, neans for detecting the
ultrasonic vibrations and nmeans for collecting the detection signal; a

central processing unit; and a nmgtion control system wherein the
struct uredl'! i ghtmaipdiof pafyeng arasPEyc R ERE TS FERS O at ed robotic arm by a pan
and tilt unit. 12. 'The apparatus of claim1l wherein the structured |ight
system | i ght detedtd dw anisdnwitc erspriteed light shitigydo ebieip| il &limsasional

information;

directing a laser beam at a surface of the article to create ultrasonic surface

displacements;
detecting the ultrasonic surface displacements;
correlating article 3-dimension information with the ultrasonic surface displacements;
comparing article 3-dimensional information with a known data set;
processing the ultrasonic surface displacement data; and

correlating the known data set and the processed ultrasonic surface displacements to

provide coordinate measurements for the ultrasonic surface displacement data.

2. The method of claim 1 further comprising positioning the article for laser ultrasonic
evaluation.
3. The method of claim ! wherein scanning the article with the structured light system

provides 3-dimensional data for the article.

4, The method of claim 1 wherein the article comprises a composite material.
3. The method of claim I wherein scanning the article with a structured light system
cotnprises:

providing an structured light apparatus comprising at least one camera, a light beam

producing element and means for moving structured light apparatus;
projecting a light beam onto the surface of the article;

operating the camera to receive the image of the light beam being projected onto the

surface of the article; and
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13. The apparatus of claimll wherein the apparatus is nobile. 14. The
apparatus of claim 1l wherein the central processing unit is configured to
process the structured |ight neasurenents and provi de 3-di nensi onal
information relating to the article. 15. The apparatus of claim 14 wherein
the central processing unit is configured to correlate the article

3-di nensional information and the ultrasonic vibrations on the surface of
the article. m®vinhthestritdedlizhbsmphatas forpgneal loeation wntib e eatine purgee of the

conpri sing, lceh%baﬁ%&Q%RQ an as-made aircraft part with a structured |ight
systemto o tain article 3- dinmensional information; directing a | aser

beam at a surface of the as-na ircraft part to creatge ultrasonic surface
di spl aceneht s; %ﬁ%ﬂaﬂFﬁh@f %%m ?tW%?ﬁﬁ| §ﬁ£¥a é<§F8ﬂ$a8§ﬁ%HF surlace

corr el at i ngjsldremass arad eurtics cfitiad drtighkadompBsedi mensi onal information with the
ultrasonic surface displacenents; conparing the as-nmadc aircraft part

3-di mensi onal omepaﬁ:xﬂf?%}ir%@mwdfs;tlac%m@ﬂ?%e@ﬁ;tﬁﬁe S€he arBfiQCeSsing the ultrasonic

surface di spl acenent

generating a detection laser beam;
directing the detection laser beam at the surface of the article;

scattering the detection laser beam with the ultrasonic surface displacement of the

article to produce phase modulated light;

processing the phase modulated light to obtain data relating to the ultrasonic surface

displacements at the surface; and
collecting the data to provide information about the structure of the article.
7. The method of claim 1 wherein the known data set is CAD data.

8. The method of claim 1 further comprising calibrating the structured light system prior

to measuring the dimensions of the article.
9. The method of claim 1 wherein the article is an aircraft part.
10.  The method of claim 1 wherein the article is an aircraft.

11.  An apparatus for correlating laser ultrasound measurement and positional data of 3-

dimensional objects, comprising:
an articulated robotic arm, said arm comprising:

a structured light system, the structured light system comprising a light source

and light detection means;

a laser ultrasound system, the laser ultrasound system comprising a laser
producing ultrasonic vibrations on the surface of an article, means for detecting the

ultrasonic vibrations and means for collecting the detection signal;
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correlating the known data set and the processed ultrasonic surface
di spl acenents to provide coordi nate neasurenents for the ultrasonic surface
di spl acenent data or the as-made aircraft part; storing the as-nmade
aircraft part 3-dinensional information and the ultrasonic surface
di spl acenent data; installing the as-made aircraft part onto an aircraft;
scanning the installed aircraft part with a structured |ight systemto
obt ai n ar t4d ehigal Brocagbingynt odal i nf or mati on; directing a | aser beam at
a surface of the installed aircraft part to create ultrasonic surface
di spl acemanh&iondeli@ciysi@; t he ul trasonic surface displacenents;
correlating the installed aircraft part 3-dinensional information wth the

ul L1 asoni ¢, syel A 50l ARCHERI  colIQRE HRIaAu LA bl A30apaR M EC

di spl acenen
unit.

12.  The apparatus of claim 11 wherein the structured light system light detection means

comprises a charge coupled device.
13.  The apparatus of claim 11 wherein the apparatus is mobile.

14.  The apparatus of claim 11 wherein the central processing unit is configured to process
the structured light measurements and provide 3-dimensional information relating to the

article.

15.  The apparatus of claim 14 wherein the central processing unit is configured to
correlate the article 3~dimensional information and the ultrasonic vibrations on the surface of

the article.
16. A method of evaluating aircraft parts in service comprising:

scanning an as-made aircraft part with a structured light system to obtain article 3-

dimensional information;

directing a laser beam at a surface of the as-made aircraft part to create ultrasonic

surface displacements; |

detecting the ulirasonic surface displacements;

correlating the as-made aircraft part 3-dimensional information with the ultrasonic

surface displacements;
comparing the as-made aircraft part 3-dimensional information with a known data set;

processing the ultrasonic surface displacement data;
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correlating the known data set and the processed ultrasonic surface

di spl acenents to provide coordi nate neasurenents for the ultrasonic surface
di spl acenent data; and conparing the installed aircraft part

3-di nensi onal information and processed ultrasonic surface displacenent
data and the as-nmade aircraft part 3-dinensional information and processed
ul trasonic surface displacement data. 17.The nmethod of claim 16 wherein the
eval uation of whieeling thedhewipdata sef prel helrecestsa ujtigaonici feeg Wisplacearenty ef ect

sel ected fr.oumid QerdHaRURGRARISE i Dfasslfd bR PRcenfehBlaleSof teGniadd ons,
di sbands, %pgmﬁggblnatlons t her eof .
alre M

storing the as-made aircraft part 3-dimensional information and the ultrasonic surface

displacement data;
installing the as-made aircraft part onto an aircrafi;

scanning the installed aircraft part with a structured light system to obtain article 3-

dimensional information;

directing a laser beam at a surface of the installed aircraft part to create ultrasonic

surface displacements;
detecting the ultrasonic surface displacements;

correlating the installed aircraft part 3-dimensional information with the ultrasonic

surface displacements;
processing the ultrasonic surface displacement data;

correlating the known data set and the processed ultrasonic surface displacements to

provide coordinate measurements for the ultrasonic surface displacement data; and

comparing the installed aircraft part 3-dimensional information and processed
ultrasonic surface displacement data and the as-made aircraft part 3-dimensional information

and processed ultrasonic surface displacement data.

17.  The method of claim 16 wherein the evaluation of the aircraft part includes the
identification of a defect selected from the group consisting of delaminaion, cracks,

inclusions, disbands, and combinations thercof.




