SYSTEM AND METHOD FOR LNSPECTING STRUCTURES FORMED OF COMPOSITE
MATERIALS DURING THE FABRICATION THEREOF 5FIELD OF HE INVENTION The presentnuort
relates generally to the fabrication of structures ft composite materials. L0BACKGROUND OF THE
iI"'VENTIGN The following publications are believed to represent the current state of tEe art: U.S.
Patent Nos.: 8,068,659; 7,889,907 and 5,963,660; and 15U.S. Published Patent Application Nos.:
2009/0043533; 2007/0173966; 2007/0034313 and 2004/0031567. SUMMARY OF THE INVENTION
The present invention seeks to prowde a system and methodology for mspectina structures formed of

{) [

composite materBYSHhd N RIFPECTINGTHERL IS TRIRESIBQARAER S4tordance with a
preferred embOd'm@@l\?ﬁgﬁfﬁ%ﬁ‘fﬁ{ﬂ@?ﬁ@ﬂﬁ@%@F%R%W@W@Wmed of composite

materials during thé fabrication thereof including imaging multiple individual plies of a structure,

5 FIELD OF THE INVENTION

The present invention relates generally to the fabrication of structures from

composite materials.

10 BACKGROUND OF THE INVENTION

The following publications are believed to represent the current state of the
art:
U.S. Patent Nos.: 8,068,659; 7,889,907 and 5,963,660; and
15 U.S. Published Patent Application Nos.: 2009/0043533; 2007/0173966;
2007/0034313 and 2004/0031567.

SUMMARY OF THE INVENTION

20 The present invention seeks to provide a system and methodology for
inspecting structures formed of composite materials during the fabrication thereof.

There is thus provided in accordance with a preferred embodiment of the
present invention a method for inspecting structures formed of composite materials
during the fabrication thereof including imaging multiple individual plies of a structure,

25  whereby the locations and orientations of edge joints between adjacent courses of each
ply are recorded, ascertaining mutual offsets in the locations of mutually parallel ones of
the edge joints in the multiple individual plies and providing an output indication when at
least one mutual offset of the edge joints is less than a predetermined minimum offset.

Preferably, the individual plies each extend in an X-Y plane and are

30 stacked in a Z-direction, perpendicular to the X-Y plane of each of the individual plies

and the mutual offsets are ascertained by comparing the location of each of the mutually



25 whereby the locations and orientations of edge joints between adjacent courses of each ply are
recorded, ascertaining mutual offsets in the locations of mutually parallel ones of the edge joints in the
multiple individual plies and providing an output indication when at least one mutual offset of the edge
joints is less than a predetermined minimum offset. Preferably, the individual plies each extend in an
X-Y plane and are 30stacked in a 1-direction, perpendicular to the X-Y plane of each of the individual
plies and the mutual offsets are ascertained by comparing the location of each of the mutually parallel
edge joints in the X-Y plane of each of the individual plies with the corresponding location of an edge
joint which igpamitellbdparidiatdheretheinXié Xl¥nplaste aicanothéreonedofitiualinplieid uaithlieke In

accordance with a gﬁgferr?od aeﬂrgbo iment, of the reflsleﬁt.inve%l ﬁ‘g&%ir\é}?lfath@ie 8 z]allﬁeﬂ?ggﬁ-pjlfanar and
0 ally a

i vento
the mutual offSets are ascertaine 3?%63 S (l)rllrét & focation of e the mutu parallel edge

joints in eaclplefithod mdthhimbpifeha/\ﬁt_ﬂﬁvhb{dm@sponding location of an edge joint which most closely
corresponds thereto in loggtian gadoriaialon nana s ans ke MdYidalPliss, Maceardance

with a preferred embodiment of the present invention the 10 imaging multiple individual plies of a
structuré takiadigideel dligsn grrapercalion ot dhsretuad odfsrsa sthatersamesy rgcaswabzetieh of the

multiple indiyidyabpigSach of hLERIRIARYLRRNEHRdSRtNSRaEHNG SiEuskasfarmed qfigomposite

materials during the fabrication thereof also includes providing a thee-dimensional image file of the
structure whibh etiEpRANdEEISHIAR Biermefgaramsatdishimom Gatshs ausIshrtailesrail ones of

the edge joinégaibihedrutiptgingividhathBlege of the indRedgalSpAR0 provided in accordance with
another preferred embodiment of the present invention a m(eithod f%{_ inspecting structures formed of

composite materials durin A& ¥R ARESFIHA FRBG HREGnY GRS RS I RAERTAORIEE of a
structute, wheeghystheuloipti dnd ddcadrdistatidnssaietdge jokets fetwernadjadeutonrséstef each 20

ply are recorded and rovigl)r%‘? thrFe:dinagn%i%?al Cilrf{u(e}gt%file ?git e, suctur \%géch enables

ascertainings%cttﬁlé?’o éee S Y theTocaBhSs Of muttia y pargﬁ%\l €50 1tY%eue"zldBe joints in the multiple

individual plies. P Retdeedblly, thieeindévicidakqliesspagme xtendtimeanfotziveplarfecanthasaestacked in
a Z_direCtionmEt%%?sn%&Hrllagr BBl Rlang QLeAchg fitrnz?u-&]e%ivri)gg\%hﬁyge% three-dimensional
image file of the structure which enables ascertaining the mutual offsets in the locations
15  of mutually parallel ones of the edge joints in the multiple individual plies.

There is also provided in accordance with another preferred embodiment
of the present invention a method for inspecting structures formed of composite materials
during the fabrication thereof including imaging multiple individual plies of a structure,
whereby the locations and orientations of edge joints between adjacent courses of each

20  ply are recorded and providing a three-dimensional image file of the structure which
enables ascertaining mutual offsets in the locations of mutually parallel ones of the edge
joints in the multiple individual plies.

Preferably, the individual plies each extend in an X-Y plane and are
stacked in a Z-direction, perpendicular to the X-Y plane of each of the individual plies

25 and the mutual offsets may be ascertained by comparing the location of each of the
mutually parallel edge joints in the X-Y plane of each of the individual plies with the
corresponding location of an edge joint which is mutually parallel thereto in the X-Y
plane of another one of the individual plies.

In accordance with a preferred embodiment of the present invention the

30 individual plies are non-planar and the mutual offsets may be ascertained by comparing

the location of each of the mutually parallel edge joints in each of the individual plies



25 arid thc mutual offsets may be ascertained by comparing the location of each of the mutually
parallel edge joints in the X-Y plane of each of the individual plies with the corresponding location of an
edge joint which is mutually parallel thereto in the X-Y Mane of another one of the individual plies.

in accordance with a preferred embodiment of the present invention the 30individual plies are
non-planar and the mutual offsets may be ascertained by comparing the location of each of the
mutually parallel edge joints in each of the individual plies with the corresponding location of an edge
joint which most closely corresponds thereto in location and orientation in another one of the individual
plies. withatbe oatarspenditty dogatifer efche redgsdienetrivbicthmeredetlinvereemerde thesgiing multiple

individual pl'Bﬁ@éaﬁcﬁ{ré{ﬁf%@e%&ﬂ@&?oﬁ%BQJ@H@W&RI%Q]%}I%E“CMre at least between laying

down of each of the multiple individual plies here is further provided in accordance with yet
another preferred embodithapewt tneeprade At rsierad ealsdiraprtief ifspRiery drirtirsstisnned of

composite materials duringtheifelricationdhgraofiihe.sysiam ipeltidingap maasiieResatiye to image

multiple individual plies of a structure, whereby the locations and 10 orientations of edge joints

betweer adjHEEitEtirsaY Breuch HW%%@?@@O?Q%%FW&FS@PQ%W?@%M&RWTO ascertain mutual

offsets in the locations of mautklally patriiel poesi&f the ecasdaiots {ﬂlﬂlﬂeymuttﬂzjﬂlwdp(@dﬂleahes and a
minimum oﬁse% Hreshold excecdance indicator prowdwf%? H#’ﬁ t indication wherta at least one
mutual offsef'BF ¢ g@&bé’fo s PUGREY (A el ety EiRg pbetures Torped hniy. the

individual pliesigpacheexierd s adu?in‘g ﬂlﬂnﬁﬂ&lﬂfhﬁd&ﬁ sm&ﬁd thea Mm&ctmuchegoanangmrto the X-Y

plane of each grfa he |n0d|1\I/I|1duaI‘gI|§ Ulep;aéj re ascertg elg bﬁé arlng th&a location
of each of thepmu VYL y pafj1 Jom SN ane each Of ¢ wd%a pfles with the

correspondingdoeaton of atgeglge@hﬁw&mhdymutumﬂyq@a&ﬂ Ietdhexletormrﬂ@erﬁed’ 20piéiset of another
ane of e nBBIRES Y. 1o usc BSSRIARCEWINA RIIRG eTBRAMED! oLNe RiRsent invention

the individual plies ar non-p Srar an e mutual offsets are ascertaine mparlng the location of
each of the Fhat@éﬂy paralieliedde jmntgph: etchivituble Midividudl @Ilé&fwnh%@ff@ﬁ’?e%ﬁmwg location

of an edge joint.uhich 'B‘a%a%?ﬁﬁb/vﬁﬁﬂg%ﬁq{mﬁu‘ihﬂﬁ@ﬂ&?@JH&%P%%%%H&'%{ﬁﬁﬁ%f{‘s@c”&ther one of

the individual plies. In accordance with a preferred embodiment of the present invention the

imager is op8faRfgs 181Wd§@§ﬁ@ﬁmwmm§%%@‘&ﬂrﬂ%%bncatlon of the structure at least
betweqn laying down of aagh-ebie Mmultils neividual Ries. Biefrraliathe-sygrm: faninspecting

structures formed of compgsite,
stacked 1n a Z-direction, perpendicular to the X-Y plane of each of the individual plies
and the mutual offsets are ascertained by comparing the location of each of the mutually
parallel edge joints in the X-Y plane of each of the individual plies with the
corresponding location of an edge joint which is mutually parallel thereto in the X-Y
20  plane of another one of the individual plies.

In accordance with a preferred embodiment of the present invention the
individual plies are non-planar and the mutual offsets are ascertained by comparing the
location of each of the mutually parallel edge joints in each of the individual plies with
the corresponding location of an edge joint which most closely corresponds thereto in

25  location and orientation in another one of the individual plies.

In accordance with a preferred embodiment of the present invention the
imager is operative to image the multiple individual plies during fabrication of the
structure at least between laying down of each of the multiple individual plies.

Preferably, the system for inspecting structures formed of composite

30 materials during the fabrication thereof also includes an image file generator operative to

provide a three-dimensional image file of the structure to said offset analyzer.



30materials during the fabrication thereof also includes an image file generator operative to provide a
three-dimensional image file of the structure to said offset analyzer. There is even further
provided in accordance with still another preferred embodiment of the present invention a system for
inspecting structures formed of composite materials during the fabrication thereof, the system
including an :imager operative to image multiple individual plies of a structure, whereby the locations
and 5 orientations of edge joints between adjacent courses of each ply are recorded, an offset
analyzer operative to ascertain mutual offsets in the locations of mutually parallel ones of the edge
joints in the multiple individhekpkesenduathéimageifite genecatdaeperativetid protidemeferred

three-dimenscir%%gl iggige f e[h(%;rit]reesggu%%%%ttlgéhae (s)ffs%g { %Foarlyi%gééctin esrtl\glgﬁ{

Jsaty h i@flividual
plies each extend in an X plane and are stacked in a Z-direction, pe |cuE1r toé; eei- plane of

each of the inciividsié phet-dald therirytiel M&'él@timaylbeea&céNaﬁye@myicMan@thm*@cation of
each of the rgytlially, Q@@H@é@%t@i@%ﬁ]&ﬁﬁ%ﬁi@@@?aogt?f?&[i‘r%f theieehividualpligsqwith ghe

corresponding location of anm edge joint which'is mutual] y parallel thereto in the X-Y plane of another
one of tie inBf4aEsEPpEHES. coBmiatus kiaveenAlinecprorsied ehfischimE B Of e fidsehriivintion the

individual pligs,are. PoRsRIgRaTARd. s TiUa offselsMay IBe.aseedalnee Ny, qampariag:ths location

of each of the mutually parallel edge joints in each of the individual plies correspondingwith the
location of afleédgesefintwincihessltitsingiviirakplistiantharett8adis R UAR HARHE SN another

one or the ingliyidaah phes-dRltmsesar danse mitb aHY staureesnedimeniofijher present invention the
:org?vg\glggﬁ I(?apgrative to ima%e ee u“}iﬁle'in(ﬂibﬁl’;\il lies dugn fab icalt_:i%ré%fge tructu[i1e_ at least
ying down of eath6tthe MEIGPIEHTENIdUSF pifES. BRIEF B 1PTIORFGRTEE
DRAWING Ss2kkedeptegatditéanemtipsaputtikalun de thtoRdvapthappfeaidted heradididdadmlide following
detailed des%ggt.{ g 'rgl%l&ea igf&%pgunqu%%Vgistpextﬂl?ngéa%\gn&snlgavr\{rqigc%e location of each of the
mutually parallel edge joints in the X-Y plane of each of the individual plies with the
corresponding location of an edge joint which is mutually parallel thereto in the X-Y
plane of another one of the individual plies.
15 In accordance with a preferred embodiment of the present invention the
individual plies are non-planar and the mutual offsets may be ascertained by comparing
the location of each of the mutually parallel edge joints in each of the individual plies
with the corresponding location of an edge joint which most closely corresponds thereto
in location and orientation in another one of the individual plies.
20 In accordance with a preferred embodiment of the present invention the
imager is operative to image the multiple individual plies during fabrication of the

structure at least between laying down of each of the multiple individual plies.

BRIEF DESCRIPTION OF THE DRAWINGS
25
The present invention will be understood and appreciated more fully from
the following detailed description, taken in conjunction with the drawings in which:
Fig. 1 is a simplified illustration of a system for inspecting structures
formed of composite materials during the fabrication thereof, constructed and operative

30  in accordance with a preferred embodiment of the present invention;



Fig. I is a simplified illustration of a system for inspecting sWuctures formed of composite materials
during the fabrication thereof, constructed and operative 30in accordance with a preferred embodiment
of the present invention; Fig. 2 is a simplified illustration of a system for Inspecting structures
formed of Lomposite materials during the fabrication thereof, constructed and operative in accordance
with another preferred embodiment of the present invention; Fig. 3 is a simplified illustration of
a system for inspecting structures formed of composite materials during the fabrication thereof,
constructed and operative in accordance with a yet another preferred embodiment of the present
invention; Fig. 4 i¥& sinplifiedriihlsicatiotustfratmoutput fickanthéosyiormerohamjreftiigs. 1 - 3

showing plies, 9N ialli WEARL AR AN Milkubrication 1EiloP B simElgilstiatan of an

output from the system of any of 10 Figs. showing plies in a generally non- planar orientation.
DETAILED DESORIPFONIOm@RE PERREEMEODIVE TS RERETEati’Mow made to Fig. 1,

which is a simplified illustggfion ¢f g Jsﬁn%tﬁ’i@&niiMs{P&RﬁP%@%Sé%féﬁﬁr%ﬁﬂﬁ%@tﬁf%cgmféﬁﬁ% materials
dining the fabrication thereof; constructed and operative in accordance with a preferred embodiment of

the present: fRfRsstiphcomposite pgierialn samsdhe driigatonHbssate b iHdSTra8L MPFIENEON is

constructed @ngd QR&IAIVE MthiR thRceentexratal CisiNatcbangssriape ihayaids TL) 20 machine
100, commercially available from Cincinnélet]blM chine LLC of Hebrog Kenﬁuckﬁ, USA, preferably

including a. V5 head 102F 1Big a5 grStnaeheth AL tHEal00: O a8 AP W LL8h B & 48¥iRGble to any
suitable tap&igy-up DsHiahplsltamenizamaciinglenviaivneribdyeadcordance with a preferred

embodiment of the preseﬁt ingention, 2?. Hltjﬁletill rninﬁiors 1 4tpfreferﬁglbl)é Ned ite rﬁ Ma(t;hine Vision
Lighting illuminators, such'Ss 0tk feiPifiifhinators, B La.‘?r)oﬁgfﬁusrénf)n-ix?ésﬁ_eﬂh ifitiinators, or
dome illumiragsrs, coshmergigllieaiaid gotefripnbticscarnSystams, inc.. 700 SW 39th St., Renton,
WA 98057, are mounted on head 102. Preferably multiple cameras 106, such as In-Sight Micro Series

vision system cameras, commercially available from Copiex
DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

Reference is now made to Fig. 1, which is a simplified illustration of a
15 system for inspecting structures formed of composite materials during the fabrication
thereof, constructed and operative in accordance with a preferred embodiment of the
present invention.
In the embodiment of Fig. 1, the system of the present invention is
constructed and operative within the context of a Cincinnati Charger Tape Layer (CTL)
20  machine 100, commercially available from Cincinnati Machine LLC of Hebron
Kentucky, USA, preferably including a V5 head 102. It is appreciated that the system of
the present invention is applicable to any suitable tape layup or fiber placement machine
environment.
In accordance with a preferred embodiment of the present invention,
25  multiple illuminators 104, preferably Nerlite® Machine Vision Lighting illuminators,
such as dark field illuminators, DOAL® (Diffuse On-Axis Light) illuminators, or dome
illuminators, commercially available from Microscan Systems, Inc., 700 SW 39% St.,
Renton, WA 98057, are mounted on head 102. Preferably multiple cameras 106, such as
In-Sight Micro Series vision system cameras, commercially available from Cognex
30  Corporation, One Vision Drive, Natick, MA 01760, are also mounted on head 102 to

view multiple adjacent courses 108 of laid up tapes of a composite structure 110 in real



30 Corporation, One Vision Drive, Natick, MA 01760, are also mounted on head 102 to view multiple
adjacent courses 108 of laid up tapes of a composite structure 110 in real time or near real time,
thereby imaging multiple individual plies 112 of the composite structure, whereby the locations and
orientations of edge joints 114 between adjacent courses 108 of each ply are preferably recorded.
Edge joints 114 may be butt joints, at which_ edges of adjacent courses 108 touch each other, gap
joints, at which edges of 5 adjacent courses 108 are separated from each other by a separation S, or
overlap joints at which edges of adjacent courses 108 overlap each other. Outputs of cameras

106 are suppiies ¢6 0ae tahbre, Chiipbiliia d2e:whidtiphs efeliahiyaprdiddd Hthfedad ropsigreal image
file of the cogrg (gfsdte structure. .This three-din&ensiort]% imaﬁf E{e enal_?lseﬁ ﬁts%eggining ] utu?l offsets in

the locations of mu Ué’rll)l/erf ptaalhr%l(é aotﬁ)élg 3?ecfé§?om?§ﬁ i %ﬁdffllp e mdwﬁuaf?o i6s'119" one or

more displa)cdlﬁﬁe_sh@&wﬁaaehi_;ﬂyi wewr@if?thblzqmpnkide Edrg_ﬁ:_jgiﬁ,s eridbimy &a bme_[iaﬁotstoaview in real
time or near (gal e, 0 jogations andeieraianscLedasainte, I heteanatiagent gpurses 108

of each ply as the are laid on the composite structure. In the example illustrated in Fig, 1,
all of the colrdeec10¢Hées 25 iHeparairsdiisiia sachrogier hiutUEINBEPAIR ARl gaEpjdMEs B80 are

defined betwegmAdiacest REALS! GRKESESoRAR i Al RHel2- Typically in the aircraft industry there

exist requirements as to the extent of separation between adjacent courses 108. In the illustrated

example the requirement® P& ST 6ABS 23 U @ttstiplied iR P BRI BRI EES 1B Weideparated
by a distancgefebaiiyersviandr Rddamneilans of adiazant hpRuisasrandseparatizas between

adjacent courses of more than_2.54 ram are considered to_ be defects and are detefted by the system

and method 818ty 89Ak Brese filarinehtrsrescertaining iuwiual iptfstan: Wedscionsielimiedbnstruction

of compwsitestilletores if Higoiisat hetwaenuaydondisidasl efipatalielplies hstcekgnaywhen those

plies are not adjacent each other iqlthe composite structure. In the illust at?d examIPIe, the offset
iilgﬁr] % tp t %(? 0,V1

between gas BT H5560 HiIR) BRELIRO R RS (00 T 31 st st gas;

sets betvesh ap joints 130
of parallel pliesnti2 ledstimanti? [beamoar exbnsidarecio bé cfedtsmnd bebdbtecteddictihe system

and methodology of the present.invention. In.the.context of hg'llugrg@gd example, three plies
112, each in%?b%%l{%s flf‘tl)\%eoae gcgrf% %%ur%g%uisc%,lg?eag g\}\(/in(.ml'%g g%rB (r)alt{lgrsl between adjacent courses
108 at 30each gap joint 180 tiedesigrbtedlasi8tehdithBipfféetabenicdn gapsints0B3dnoflpacallel plies

112 s desigpatadag Glt i5 BRRLSRRIRA AL NG ash S iNee Mk EaRJ NS Between adjacent

parallel courses 108 in each ply 112. Typically in the aircraft industry there exist
requirements as to the extent of separation between adjacent courses 108. In the
illustrated example the requirements for gap joints 130 are that the adjacent parallel
courses 108 be separated by a distance of between 0 and 2.54 mm. Overlaps of adjacent
20  courses and separations between adjacent courses of more than 2.54 mm are considered
to be defects and are detected by the system and methodology of the present invention.
Another important characteristic in the construction of composite
structures is the offset between gap joints 130 of parallel plies 112, even when those plies
are not adjacent each other in the composite structure. In the illustrated example, the
25  offset between gap joints 130 of parallel plies 112 must be at least 12.7 mm. Offsets
between gap joints 130 of parallel plies 112 less than 12.7 mm are considered to be
defects and are detected by the system and methodology of the present invention.
In the context of the illustrated example, three plies 112, each including
five adjacent courses 108, are shown. The separation between adjacent courses 108 at

30 each gap joint 130 is designated as S and the offset between gap joints 130 of parallel



normally equivalent to the offset between edge joints between adjacent courses. In accordance
with a preferred embodiment of the present invention, the computer 120 automatically provides an
output indication when at least one mutual offset 5of the edge joints is less than a predetermined
minimum offset. Reference is now made to Fig. 2, which is a simplified illustration of a system
for inspecting structures formed of composite materials during the fabrication thereof, constructed and
operative in accordance with another preferred embodiment of the present invention. In the
embodiment of Fig. 2, the system of the present invention is constructed and operative within the
context of apligscindats Gtwggeed ap®L dyer (EbTediatracthiatetR00f fegrniersialBraveib B3 om

Cincimat Mg WG HERof. Kealsio LA SIriaB nalidng v sad 202 1t s

appreciated that the system of the present invention i$ applicable to any suitable tape layup or -fiber
placement machine 15eriirttsardptce with ajpratesendisrbodimem prehsrEsen BBYRRIM: H8¢he present

invention, mufiple Wyminaes.A04n PeteiabbsNeslia(n dacbing Msian digiegliiuninatass, such as
dark field illuminators, DoALe (Diffuse On-Axis Light) illuminators, or dome illuminators, commercially
availabl® froPh thficAesdainsysies hana prostawimstmsimen REMbn, WA 98057, are mounted on the

CTL machine 200. Preferagibtsntitinle sameras 06 gsuchvas inSigbindicfiedSeriesatision System
cameras, commercially available from Copex Carpgration, One Vision Drive, Natick, MA 01760, are
mounted abBERE TESRFSERM SBEEH? RIAEH YncLBBARNG, W%Wnﬁ{ﬁ'ﬂ%ﬁﬁj RIS rses 208 of
laid up tapeshefcafebiRasIRSHHEtuperailekirealditia@r wahraredhetimefdtredebytindiginng oiultiple
individual pIi}gs 212 of the composite structure, whereby the locations and orientations of edge joints
214 betwee 285 LGUVAEL 208 of each ply are preferably recorded. Outputs of cameras
206 aréosupplied to one dn miorecatmgiuters 22 Fighigh refersibly plotideractsrselaimdiosional image
fie of the compasiit.aa e iz apRiariplc al uhereazindie CRRRTMEN ol Eldcrey any one
time only a relatively 30small region o the composite structure 210 is viewed, in the embodiment of
Fig. 2, nearbyahkienti?édconpusiesisiitcrelahio idipimwedncinnati Masizinhrdd finfdnditsherimage file

enables ascetainipg mgl‘@rgfﬁi@w%Ur&dmaéi%Shgaar&ﬂy.aﬂxmga%%ha@@%{ alas iRt 214 in

multiple individual plies 212. One of more display 222 shows a desired view of the composite
structure, erbbRFR§EN BEERERS FoarRNFFhledal annswirhisdepe AP iR tHEP R dAReRERh & 8FIAtations of
edge joints 214 bahween adjacent courses 208 of each ply as the courses 208 are laid on the
composite structure. In the example illustrated in Fig. 2, all of the courses 208 in three

illustrated plies 212 are nFutASHRFHHICAIV EA P GBS oS SBOUPIaRT RS e e adi¥ERI barallel
courses 20801 gglehipliddaorby pizally:éfctabl pirceattdad ugichihereisisistLighting illuminators,

such as dark field illuminators, DOAL® (Diffuse On-Axis Light) illuminators, or dome

illuminators, commercially available from Microscan Systems, Inc., 700 SW 391 St.,

20  Renton, WA 98057, are mounted on the CTL machine 200. Preferably multiple cameras

206, such as In-Sight Micro Series vision system cameras, commercially available from

Cognex Corporation, One Vision Drive, Natick, MA 01760, are mounted above the CTL

machine 200, preferably on a ceiling, to view multiple adjacent courses 208 of laid up

tapes of a composite structure 210 in real time or near real time, thereby imaging multiple

25  individual plies 212 of the composite structure, whereby the locations and orientations of
edge joints 214 between adjacent courses 208 of each ply are preferably recorded.

Outputs of cameras 206 are supplied to one or more computers 220 which

preferably provide a three-dimensional image file of the composite structure. It is

appreciated that whereas in the embodiment of Fig. 1, at any one time only a relatively

30  small region of the composite structure 210 is viewed, in the embodiment of Fig. 2,

nearly the entire composite structure 210 is viewed.



10 requirements as to the extent of separation between adjacent courses 208. In the illustrated
example the requirements for gap joints 230 are that the adjacent parallel courses 208 be separated
by a distance of between 0 and 2.54 mm, Overlaps of adjacent courses and separations between
adjacent courses of more than 2.54 mm are considered to be defects and are detected by the system
and methodology of the present invention. 15 Another important characteristic in the construction of
composite structures is the offset between gap joints 230 of parallel plies 212, even when those plies
are not adjacent each other in the composite structure. In the illustrated example, the offset between
gap joints 230 of parallel pligs tAlc2-dinsinbp @t | @asgd ZBenenmablif setsitmtiree myapljoifftst2 30 of parallel
plies 212 less than 12.7 ram are, considered to Odefect d are,detected hy the s and
methodolog§ c?frf cg%)rness%frll fln%lvgnci ra]r.ﬁl%ﬁ R tﬁ%ggé%lt%?i? (?g]tﬁenﬁ%%ﬁlgté lg@a}lﬂr%peg%%z%]plies 212,
each includitpfive adjacdinpleoizdesizoey ardesheiwicThel sep araiprsibesiveentadiaebhngourses 208 at
each gap joighabitdiasaRien ans Aitinr.ariaet hehirendaRna bl AbRakal RiRs fesionated

as O. It is appreciated that the offset between gap joints is normally equivalent to the offset between
edge joitts Bdtvbervaeljaediaceriupsasses 208 o eacBordarise gt QpesielP8 dastn adiinierthef the
present inveplinR,dhe somanier 220 automatically provides an output indication when at least one
mutual offset of the edgei\gints is less than a predetermined minimum offset. Reference is

now made to Fig, 3, whicHtisR sipnmted mtigtiedidn Jis sbsylierh 17 iFpattind S tiictlires formed of

composite matgfialsiduIng thefabrieationpiharachconsisistedandoperaivedivassaiange with yet
another preferred embodiment of the present invention. In the ergbg(;giument f Fig. 3, the system
a

of the preseREVENIH IS SHEMTatgsRIE & CindiSH nirJBF FASE L aRaH i) HFEEHTRES 00,
commaiiallyegviadmbiasiramCinicin satédd ah ke drhilo 0f debeon Kdateakycdusss R@Ferablyhincluding a
V5 head 302, In this.embodiment, the 0 era%io of the s s%e f the present invention, is generally

i g #}n 38 re Rla ?E P | ?

independentlltljlfst aetegpg)%ﬁl nof th& T MAChine 368 Lhe? than 10°thé e>t< &n ag?lfhé’%rgn ry 303 of
the CTL machimessril (i the exaoittidebyayd ssteoh statidreawmeetufingdhisSdnaginQ opération adjabensystem of
the present Icmﬁ?snetéoaprid]l.t Iezp 86%8'%‘5‘?9é£‘na%§h§:e51¥5é8@s%9 oP bR RIES IV ANRMUON IS UsRlwith any
suitable tape(fayup or fibar placement mac e environment. In accordance with a preferred
embodimentoberisiseesent modatistedrhuithsleyistamimdonstBodnlpeafef sy reestitaimenticshine Vision

Lightingsilluminators, such gsifiark;fielg liminaiork. REALE @ifthsaoncAxis Wiitih iiyzipators, or

dome 15 illuminators, commercially available from Microscan Systems, Inc., 700 SW 39'h St., Renton,

WA 98057, sfathisemiethoafieduireseppiayasty gosrpldraliss ! havpedsmeress 8065 such as

In-Sight Micre.SgfiesMsian systenh&amais.sapynel dallviavaiiabig o GRanex&Bokation, One
Vision Drive, Natick, MA 01760, are also mounted on gantry 305 to view multiple adjacent courses 308

of laid up tapEsBEPEEbEBoIRIRS R eP8itish PESP e BIMRERF AldrFathd 2ordreralNisster each ply
312 is laid dewwethesepydinagmo mulipielindinidual plies Ihznor2re mampesimsiueune, vhereby the

locations and arientatjons of edge joints 314 between adjacent courses 308 of each ply are preferably
rocoratl. LTI BT P SO B PHTR S B Rare Lo UReFE St

In the context of the illustrated example, three plies 212, each including
five adjacent courses 208, are shown. The separation between adjacent courses 208 at
each gap joint 230 is designated as S and the offset between gap joints of parallel plies is
designated as O. It is appreciated that the offset between gap joints is normally equivalent

25  to the offset between edge joints between adjacent courses.

In accordance with a preferred embodiment of the present invention, the
computer 220 automatically provides an output indication when at least one mutual offset
of the edge joints is less than a predetermined minimum offset.

Reference is now made to Fig. 3, which is a simplified illustration of a

30 system for inspecting structures formed of composite materials during the fabrication



25 preferably provide a three-dimensional image file of the composite structure. This
three-dimensional image file enables ascertaining mutual offsets in the locations of mutually parallel,
ones of edge joints 314 in multiple individual plies 312. One or more display 322 shows a desired view
of the composite structure, enabling an operator to view in real time or near real time the locations and
orientations of edge joints 314 between adjacent 30courses 308 of each ply as the courses 308 are
laid on the composite structure. In the example illustrated in Fig. 3, all of the courses 308 in
three illustrated plies 312 are mutually parallel and gap joints 330 are defined between adjacent
parallel coutbes@D8dnstactephnd bemyivicalpdpotdansi oraft irtdwsnthenavelesesd rathifemrnts as to the
extent of seggm;ig&&%mtﬁql'gcent courses 308. In the illustrated example the requirements for

gap joints 330 are that the adjacent parallel courses 308 be separated by a distance of between 0 and
2.54 mm. Overlaps of adfadéﬂF@&ﬂ&?ﬁhﬁ%&ﬁaﬁ%ﬁ%@%ﬁ%&fﬁ%ﬁt‘%&%@% I§TSHRIY8 than 2 54

mm are congideraddq bendgfestscantarasirtecipd Ryths systen a6 thedelagy fhibsRresent

invention. .knother important characteristic in the construction of compgsite 10 structures is the offset

betweeR gaff f8intssaerat JashitHid<L395 Hebaprwhgiurios e hifes Mt R dpeietifgatn Sther in the
composite steagtame. Imthasibebaipskexamplgeaaaifcetihesyaem ganteiptesdzOiatgatalakplies 312
must be at least 12.7 mm. Offsets. between gap joints 330 of parallel plies 312 less than 12.7 mm are
considered ﬁf’llféajé’fgﬁgpﬁﬂgﬂ}é’%%‘[%8?@8%89%%9 E@fs éﬂ%@ﬁ‘fﬁl@%ﬁ%‘ﬁ g])}afhéoﬁ Es@itvention. 15
In the contertapilibgilustciediakaraple nthebimpesCiL peachtirciugingdistetadagehtrogutises 308, are
shown. The.separation between adjacent courses 308 at each gap joint 330 jgnated as S and
the offset bOTIRE R T D Mo o pe e o e B T e o
betweéfl gapfjdintsrésenoimvalyieyisivatént wothhap fsisttile tapelnedge johstirstamah maghoent courses.
20In accordgtmﬁ)%ggng preferred embodiment of the present invention, the computer 320
automatically provides an output indication when at least one mutual offset of the edge joints is less
than a-predetermined :miniraeaprédnsst, with a predeaieshcakodBoemhade ths MEpsanivisTeeniios.simplified

illustration of an; QR femdhe ﬁ)égt%%feia@w Rbfig lmécﬁmwmmi%gmgqnﬁmmpar 25
orientation. In the example shown in Fig. 4, the courses that make up Bll_es 1, 3, 5 and 8 are mutually

parallel; thetshrsedatkatisih il ppngiue DLRARIE R A paisfidehb i MamsgiedYeteie to the

cou rﬁqls thailIHﬁ\'ﬁ@até@sP%%]}lnh&eiﬁlh@nQvlﬁilaﬂg &ﬁ&lﬁqmmgmww&ay FII{HJ,GIISIO@GSWQQ‘?‘?SIQCh not
parallel to courses in any of the other plies in the illustrated composite article. 30Fig. 4 illustrates, at A,
hie i nbitieen

a cross-sectSAR LUV AKETP frorAs TAPER EHeB SRS h BRRRND SrLfbAr By tHe'Bystem of the
present inveatienawlBob, ckaallyashtwSight Micro Series vision system cameras, commercially

available from Cognex Corporation, One Vision Drive, Natick, MA 01760, are also
mounted on gantry 305 to view multiple adjacent courses 308 of laid up tapes of a
20  composite structure 310 in real time or near real time, preferably after each ply 312 is laid
down, thereby imaging multiple individual plies 312 of the composite structure, whereby
the locations and orientations of edge joints 314 between adjacent courses 308 of each

ply are preferably recorded.
Outputs of cameras 306 are supplied to one or more computers 320 which
25  preferably provide a three-dimensional image file of the composite structure. This three-
dimensional image file enables ascertaining mutual offsets in the locations of mutually
parallel ones of edge joints 314 in multiple individual plies 312. One or more display 322
shows a desired view of the composite structure, enabling an operator to view in real time
or near real time the locations and orientations of edge joints 314 between adjacent

30  courses 308 of each ply as the courses 308 are laid on the composite structure.



and emphasizes both the separation, designated S, between adjacent courses 408 at each gap joint
430 in mutually parallel plies I, 3, 5 and 8, and the offset, designated 0, between gap joints 430 of
mutually parallel plies 1, 3, 5 and 8. Fig. 4 illustrates, at B, a cross-sectional cut taken from a
three dimensional map automatically produced by the system of the present invention which clearly
shows and emphasizes both the separation, designated S. between adjacent courses 408 at each gap
joint 430 in mutually parallel plies 2 & 7, and the offset, designated 0, between gap joints 430 of
mutually parallel plies 2 & 7. Reference is now made to Fig, 5, which is a simplified illustration of an 10
output from the system oﬂmrtymfeﬁmpl& Blehowdahgpligg.ima géngraly monrgtarti8oiientation. In the

example shown in Fi courses 8 tha mak plie re_mutuall par llel; the
courses that Yr¥1a rgtfjp |c1) Ies gzaaﬁ% are r%lgtalfgail f/l Bgra%@ Oﬁrt&gjr:g%éng ed %n gtll\)/%pv%g% e&éours%es that
make up pligsub]l8] Samsts 30% thecsoursbs at Mizkieally plietha arrdrﬁfena@aa‘ry rtbeparatiel to

courses in a@ﬁ&ﬁéﬁ%xﬁg‘% W&e?ﬂﬂ T&‘?ei’r?'H&*Sééiﬁ?gtﬁﬁnﬁ%%ﬁ&a%é‘éem coursELd3BglIUglraigs, at A. a

cross-sectional cut taken from a three dimensional map automatically produced by the system of the

present inveitistaiadicrxemerleyiah soayizeracain fhngerdyoth 18 sepabatishe adinepniteds]detween

adjacent coWsas.309#heachEAR1IBIN FRPattavitvallyLa@iahnies hs, ORRER @Khﬁt%ﬁffset
designated 0, 20between gap joints 530 of mutually parallel plies 1, 3, 5 and 8.

illustrates, af BBk SEREAGART BSPTARRAMMANE HAVES HFhBIN oA R aY gmbﬁﬁaﬁe&ﬁgﬂﬁmuced by

the system gp ﬁlﬁd@f&ﬁ@Bhdm@M%@W&Wﬂ&&@wm&%m&g@&%mﬁ%&h&%&a&ﬂon
designated 8, between adj cent courses 508 )ﬂ each gap 10|nt 530 in mutually p?rallel plies 2 & 7, and

the offset:, designated 0, BEREEN GRS BRits alfy gAFaIfRIHS YR 21 CHORRASIE. A
method (for sispenitadsstie cfiias towreatcap gamposme)ﬂmteﬂall@ﬂesrm,theeiabmeattbasmﬁﬁeof

comprising: .., .. {Thadino muliple indiidualplies,of a structure, whefpby fh lgcations gnd
orientations Of etige joints between zfdjlélcent COUrSEs of each ply'are Tecorded: P &scettaining
mutual offsetsfratthetiosatigns pﬁmtw%@llyﬁomaﬂ@ll aies aﬂzamadge goiktssinl 2aidmultipisdndividual

plies; and oo ggé 09 aseutpulpficaiien WheRAtRASt e R eli3akatadly groe
r |n|mu et.

10joints is less than etermlned
defects and are detected by the system and methodology of the present invention.

15 In the context of the illustrated example, three plies 312, each including
five adjacent courses 308, are shown. The separation between adjacent courses 308 at
each gap joint 330 is designated as S and the offset between gap joints of parallel plies is
designated as O. It is appreciated that the offset between gap joints is normally equivalent
to the offset between edge joints between adjacent courses.

20 In accordance with a preferred embodiment of the present invention, the
computer 320 automatically provides an output indication when at least one mutual offset
of the edge joints is less than a predetermined minimum offset.

Reference is now made to Fig. 4, which is a simplified illustration of an
output from the system of any of Figs. 1 - 3 showing plies in a generally planar

25  orientation. In the example shown in Fig. 4, the courses that make up plies 1, 3, 5 and 8
are mutually parallel; the courses that make up plies 2 and 7 are mutually parallel, but are
angled relative to the courses that make up plies 1, 3, 5 and 8, and the courses that make
up plies 4 and 6 are each not parallel to courses in any of the other plies in the illustrated
composite article.

30 Fig. 4 illustrates, at A, a cross-sectional cut taken from a three dimensional

map automatically produced by the system of the present invention which clearly shows

10



2. A method for inspecting structures formed of composite materials during the fabrication thereof
according to claim 1 and wherein: said individual plies each extend in an X-Y plane and are stacked in
a Z- 15direction,perpendicular to the X-Y plane of each of said individual plies; and said mutual
offsets are ascertained by comparing the location of each of said mutually parallel edge joints in the
X-Y plane of each of said individual plies with the corresponding location of an edge joint which is
mutually parallel thereto in the X-Y plane of another one of said individual plies. 20 3,A method for
inspecting structures formed of composite materials during the fabrication thereof according to claim 1
and whereiremshéhirdivichs dlophiebearepprotiopladratgagiad S, betwsendadidrersl] esTisess 408 akeattained by

comparing the lagation of aachiphiseigmutaliyeparaiel dag iRintsinrashef sald ndividésl plies with
the corresponding location of an edge joint which most closely corresponds thereto in location and
orientation iRGABeAEEB s daftohanvieill predchphanétiod 388 fhspecting structures formed of

composite materials duripg39tedaRdeatian thawrefeocondingtiaiclaifbh anduheraimsaaithimaging
multiple individual plies of a structure takes place during fabrication of said structure, at least between

laying downBHRARTBFAcARRTHRS SHRVIRR SY 1RO 5 the mrsiTBH IR M SFEERIE Trmed of

composite taatesialh sHiFig both the separation, designated S, between adjacent courses 408 at each
gap joint 430 in mutually parallel plies 2 & 7, and the offset, designated O, between gap

joints 430 of mutually parallel plies 2 & 7.
Reference is now made to Fig. 5, which is a simplified illustration of an
10  output from the system of any of Figs. 1 - 3 showing plies in a generally non-planar
orientation. In the example shown in Fig. 5, the courses 508 that make up plies 1, 3, 5 and
8 are mutually parallel; the courses that make up plies 2 and 7 are mutually parallel but
are angled relative to the courses that make up plies 1, 3, 5 and 8 and the courses that
make up plies 4 and 6 are each not parallel to courses in any of the other plies in the

15  illustrated composite article.

Fig. 5 illustrates, at A, a cross-sectional cut taken from a three dimensional
map automatically produced by the system of the present invention which clearly shows
and emphasizes both the separation, designated S, between adjacent courses 508 at each
gap joint 530 in mutually parallel plies 1, 3, 5 and 8, and the offset, designated O,

20  between gap joints 530 of mutually parallel plies 1, 3, 5 and 8.

Fig. 5 illustrates, at B, a cross-sectional cut taken from a three dimensional
map automatically produced by the system of the present invention which clearly shows
and emphasizes both the separation, designated S, between adjacent courses 508 at each
gap joint 530 in mutually parallel plies 2 & 7, and the offset, designated O, between gap

25  joints 530 of mutually parallel plies 2 & 7.

11



the fabrication thereof according to claim 1 and also comprising: providing a three-dimensional
image file of said structure which enables ascertaining the mutual offsets in the locations of mutually
parallel ones of said edge joints in said multiple individual plies. 106.A method for inspecting structures
formed of composite materials during the fabrication thereof comprising: imaging multiple
individual plies of a structure, whereby the locations and orientations of edge joints between adjacent
courses of each ply are recorded; and providing a three-dimensional image tile of said structure which
enables 15ascertaining mutual offsets in the locations of mutually parallel ones of said edge joints in
said multiple individual plies. A method fOLia8dEcting structures formed of composite materials
during the fabrication thereof according to claim 6 and wherein: 20said individual plies each extend in
an X-Y plane and are stacked in a Z- direction, perpendicular to the X-Y plane of each of said
individual pliés; and A waftiohfion aheiféstits refaycheeasoaneainelddomposiipanpigrihls buation of each

of said parallgl, ?ﬂﬂﬁiﬁ@%ﬂ&égf%ﬂm of each of said individual plies with the corresponding

location or an edge joint which is mutually parallel thereto in the X-Y 25plane of another one of said

individudl plies. 8.A meth&dagingRplssgrsiienMadins phedEresrapBbrehrdhsriaradermend

orientations of edge joints between adjacent courses of each ply are recorded,;

ascertaining mutual offsets in the locations of mutually parallel ones of
said edge joints in said multiple individual plies; and

providing an output indication when at least one mutual offset of said edge

10  joints is less than a predetermined minimum offset.

2. A method for inspecting structures formed of composite materials during
the fabrication thereof according to claim 1 and wherein:
said individual plies each extend in an X-Y plane and are stacked in a Z-
15  direction, perpendicular to the X-Y plane of each of said individual plies; and
said mutual offsets are ascertained by comparing the location of each of
said mutually parallel edge joints in the X-Y plane of each of said individual plies with
the corresponding location of an edge joint which is mutually parallel thereto in the X-Y
plane of another one of said individual plies.
20
3. A method for inspecting structures formed of composite materials during
the fabrication thereof according to claim 1 and wherein:
said individual plies are non-planar; and
said mutual offsets are ascertained by comparing the location of each of
25  said mutually parallel edge joints in each of said individual plies with the corresponding
location of an edge joint which most closely corresponds thereto in location and

orientation in another one of said individual plies.

4. A method for inspecting structures formed of composite materials during

30 the fabrication thereof according to claim 1 and wherein said imaging multiple individual

12



the fabrication thereof according to claim 6 and wherein: said individual plies are non-planar; and
30said mutual offsets may be ascertained by comparing the location of each of said mutually parallel
edge joints in each of said individual plies with the corresponding location of an edge joint which most
closely corresponds thereto in location and orientation in another one of said individual plies. A method
for inspecting structures formed of composite materials during 5 the fabrication thereof according to
claim 6 and wherein said imaging multiple individual plies of a structure takes place daring fabrication
of said structure at least between laying down of each of said multiple individual plies. 10.A system for

inspecting shiirstafesstorehad iskeopipssiwingferiastvuriigadtiacapacaispstsiasentysistem

Comprising: jown of LBAGEH ggﬁ{@ﬁié/ﬁlm%ﬁggltiple individual plies of a structure, whereby the
locations and orientations of edge joints between adjacent courses of' each ply are recorded; an offset

analyzer operative to ascertain mutual offsets in the locations of 15mutually parallel ones of said edge

joints in saics multiple indixighahpias: #ecting stRRIRISIMBIAtIOERRRAK RXCcaataNGsIndicator
providing an output indication when at least one mutual offset of said edge joints is less than a
predetetmin fﬂ?ﬁlﬁﬁﬁﬂq Hﬁtggtf according to claim 1 and also comprising:

providing a three-dimensional image file of said structure which enables
ascertaining the mutual offsets in the locations of mutually parallel ones of said edge

joints in said multiple individual plies.

10 6. A method for inspecting structures formed of composite materials during
the fabrication thereof comprising:
imaging multiple individual plies of a structure, whereby the locations and
orientations of edge joints between adjacent courses of each ply are recorded; and
providing a three-dimensional image file of said structure which enables
15 ascertaining mutual offsets in the locations of mutually parallel ones of said edge joints in

said multiple individual plies.

g A method for inspecting structures formed of composite materials during
the fabrication thereof according to claim 6 and wherein:
20 said individual plies each extend in an X-Y plane and are stacked in a Z-
direction, perpendicular to the X-Y plane of each of said individual plies; and
said mutual offsets may be ascertained by comparing the location of each
of said mutually parallel edge joints in the X-Y plane of each of said individual plies with
the corresponding location of an edge joint which is mutually parallel thereto in the X-Y

25  plane of another one of said individual plies.

8. A method for inspecting structures formed of composite materials during
the fabrication thereof according to claim 6 and wherein:
said individual plies are non-planar; and
30 said mutual offsets may be ascertained by comparing the location of each

of said mutually parallel edge joints in each of said individual plies with the

13



2011.A system for inspecting structures formed of composite materials during the fabrication thereof
according to claim 10 and wherein: said individual plies each extend in an X-Y plane and are
stacked in a direction, perpendicular perpendicular to the X-Y plane of each of said individual plies;
and said mutual offsets are ascertained by comparing the location of each of 25 said mutually parallel
edge joints in the X-Y plane of each of said individual plies with the corresponding location of an edge
joint which is mutually parallel thereto in the X-Y plane of another one of said individual A
system for inspecting structures formed of composite materials during 30the fabrication thereof
according tocokaispditland lndutieinoSaid ivtivigoiat pﬁh@hrmv@ncbmiarcandsmnds thesaid mutual

offsets are arcs? Hltalne igﬁmggrwgnt&ﬁ ggélgps%fdeggpfafﬁ 1qutually parallel edge joints in each

of said indivi lies with the correspon ng location of an edge joint which most closely corresponds
thereto in location and orientation in another one of said individual plies. 5 13.A system for inspecting

structures fogmed of composiiampierials Auiing decfeRcRipRdnereahASRIAE RGP and
(0]

wherein said :imager is operative to image said multiple individual plies during fabrication of said

structuré at [ésdebraeaitanthsirnfagenaing knekisr Sard whrisie watdmreirginaultipde individual

plies of a structure takes place during fabrication of said structure at least between laying

down of each of said multiple individual plies.

10. A system for inspecting structures formed of composite materials during
10  the fabrication thereof, the system comprising:
an imager operative to image multiple individual plies of a structure,
whereby the locations and orientations of edge joints between adjacent courses of each
ply are recorded,;
an offset analyzer operative to ascertain mutual offsets in the locations of
15  mutually parallel ones of said edge joints in said multiple individual plies; and
a minimum offset threshold exceedance indicator providing an output
indication when at least one mutual offset of said edge joints is less than a predetermined

minimum offset.

20 11. A system for inspecting structures formed of composite materials during
the fabrication thereof according to claim 10 and wherein:
said individual plies each extend in an X-Y plane and are stacked in a Z-
direction, perpendicular to the X-Y plane of each of said individual plies; and
said mutual offsets are ascertained by comparing the location of each of
25  said mutually parallel edge joints in the X-Y plane of each of said individual plies with
the corresponding location of an edge joint which is mutually parallel thereto in the X-Y

plane of another one of said individual plies.
12. A system for inspecting structures formed of composite materials during

30 the fabrication thereof according to claim 10 and wherein:

said individual plies are non-planar; and

14



A system for inspecting structures formed of composite materials during the fabrication thereof
according to claim 10 and also comprising: an image file generator operative to provide a
three-dimensional image file of said structure to said offset analyzer. 15 15. A system for inspecting
structures formed of composite materials during the fabricationtof, the system comprising: an
imager operative to image multiple individual plies of a structure, whereby the locations and
orientations of edge joints between adjacent courses of each 20 ply are recorded,; an offset
analyzer operative to ascertain mutual offsets in the locations of mutually parallel ones of said edge

joints in said multiple indivtddiaghek offers are ascariginriglyiifegeriaratdicoloertitveciogsrbvide a
three-dimengionalimags JimRlisRig-SEHt U IR e afisRlanald flied Gith BYSRMLGHINERECiNg

structures formed of composite matenals during the fabrication thereof according to claim 15 and
wherein: saitPittRAdOR PlicseadniBkiehirh BesK-Sprinecargsare dabesdionia 2osEenonsd

perpendiculgrig the Xty Rlane-heatkod saidiagiyidual plies; and 30said mutual offsets may be
ascertained by comparing the location of each of said mutually parallel edge joints in the X-Y plane of

each of 3aid individual plies with
13. A system for inspecting structures formed of composite materials during

the fabrication thereof according to claim 10 and wherein said imager is operative to
image said multiple individual plies during fabrication of said structure at least between

laying down of each of said multiple individual plies.

10
14. A system for inspecting structures formed of composite materials during
the fabrication thereof according to claim 10 and also comprising:
an image file generator operative to provide a three-dimensional image file
of said structure to said offset analyzer.
15

15. A system for inspecting structures formed of composite materials during
the fabrication thereof, the system comprising:

an imager operative to image multiple individual plies of a structure,
whereby the locations and orientations of edge joints between adjacent courses of each

20  ply are recorded,;

an offset analyzer operative to ascertain mutual offsets in the locations of
mutually parallel ones of said edge joints in said multiple individual plies; and

an image file generator operative to provide a three-dimensional image file

of said structure to said offset analyzer.

25
16. A system for inspecting structures formed of composite materials during
the fabrication thereof according to claim 15 and wherein:
said individual plies each extend in an X-Y plane and are stacked in a Z-
direction, perpendicular to the X-Y plane of each of said individual plies; and
30 said mutual offsets may be ascertained by comparing the location of each

of said mutually parallel edge joints in the X-Y plane of each of said individual plies with

15



the con-esponding location of an ed plane of another one of said individual p -which is mutually
parallel thereto in the X-Y 17. A system for inspecting structures formed of composite materials
during the fabrication thereof according to claim 15 and wherein: said individual plies are non-planar;
and said mutual offsets may be ascertained by comparing the location of each of said mutually
parallel edge joints in each of said individual plies with the corresponding location of an edge joint
which most closely corresponds thereto in 10location and orientation in another one of said individual
plies. 18. A system for inspecting structures formed of composite materials during the fabrication
thereof accothiingteglaimiid lacdiwhef ein esigicljimmagdrich openativdytodrabgdlsamonmuitelKindividual
plies during fqgﬁgcgp%oa}‘e§%irtljes(}{;léglt ke d:il‘tlilgu%?tpﬁ)lggween 15laying down of each of said multiple
individual pliés. '

17. A system for inspecting structures formed of composite materials during
5  the fabrication thereof according to claim 15 and wherein:
said individual plies are non-planar; and
said mutual offsets may be ascertained by comparing the location of each
of said mutually parallel edge joints in each of said individual plies with the
corresponding location of an edge joint which most closely corresponds thereto in

10 location and orientation in another one of said individual plies.

18. A system for inspecting structures formed of composite materials during
the fabrication thereof according to claim 15 and wherein said imager is operative to
image said multiple individual plies during fabrication of said structure at least between

15 laying down of each of said multiple individual plies.
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