SYSTEM AND METHOD FOR REPAI RI NG COMPOSI TE PARTS RELATED APPLI CATI ONS
Thi s nonprovisional patent application clains priority benefit, with
regard 5 tWO008/88%%hon subject matter, of earlier-fil edP@J/E52008/001195
provi si onal patent application titled "Automated Conposite Repair

Usi ng Three-Di nensi onal Metrol ogy Equi prent”, Serial No. 60/916, 700,

filed May 8, 2008ysTig ANEMETHCD Fem REPAHINGEOOMPOSITEIRARTS s her eby
i ncorporated by reference in its entirety into the present
application 10 BACKGROUND 1. FIELD Enbodi nents of the

present REYATEDOAPPELAIEOKS a system and net hod for repa| ring
conposite parts, such as aircraft parts and the |ike,

Nbr e
particularly, the 15SnAIRRViSAS RAtaRiapPicAionEiAins Moy bFRaMhYihggard

creati mg g APGorAhod sebjéétahaﬂéf @ffeaﬁmm@eﬁj USs. provistsHae Batehh&ppiBRtidFRI e
used for manufacturing and ghfl |l er conposite plies to the

pl
edges of tmor@a%&qr@wﬁaﬁﬁpmr@wa 155 imeasivvaldeiriadysduirento ﬁeeﬁr' d
the conpogp! 6oPRE tmo ZiQé’d w@?%ﬁé@?Aﬁfﬁe identified eame%r@aoa%pll@at@ﬂné ﬁef‘éb&

use in airplanes and ot her i cations be made from strips of
conposi t elNfaPeFated by miarepge m%@r@fetbyﬂt@thﬁmw&@ppwﬁw ol (NO

machi ne in adjacent paths to forma conposite ply. Miltiple [ayers of
ply, infused with resin and built up on top of each other, are then
har der€d BHCKGHIYYNE heat and pressure during 25 a curing process.
Typically each ply i-s conprised of fibers having a particul ar
orientation, and each ply's fibers may have a different orientation
than the orientatlEbR of the fibers of its adjacent plies. Conposite

parts are general | h%&aﬂﬁ&@ﬂﬁgép%&fenwmron rEIRI8Y 8lsy stgmmﬁhétﬁod for

corrponents can be expenS| ve an I Me-consum ng to mahufacture, so it
i s not al ieRpEingewMpesite peity SUEh as @yrdicpatiscndiosilike. piare parisHiary, the

30 daﬁ%geﬁ erti B aflsdo a%§§teﬂ%dwtﬂoaﬁﬁ@réé%nsmpaepdoftacbuuram%r cSapmaed

sections conposi
-ply edges. The map may be used for manufacturing and applying filler composite plies

to the ply edges of the composite par, replacing a removed damaged portion of the
composite part.

20 2. RELATED ART
Composite parts for use in airplanes and other applications may be made
from strips of composite material laid by hand or by a numerical control (NC) machine
in adjacent paths to form a composite ply. Multiple layers of ply, infused with resin and
built up on top of each other, are then hardened by app[ying heat and pressure during
25 a curing process. Typically each ply is comprised of fibers having a particular
orientation, and each ply's fibers may have a different orientation than the orientation
of the fibers of its adjacent plies. Composite parts are generally strong and light-weight.
However, combosite components can be expensive and time-consuming to
manufacture, so it is not always cost-effective to replace a composite part when it is
30 damaged. Therefore, methods have been developed to repair damaged sections of
composite parts.
Current corhposite repair technology requires that an operator manually
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Current conposite repair technol ogy requires that an operator

manual |y cut out the danmaged iarea and then taper-sand the cut edge
of the conP®sI0P#13p86t, such that each successive adj acePET/H2(088dyas
extends farther inward laterally than the preceding ply edge. An
operator then places a clear, tough polyneric polyester filmover the
t aper - sandeibuathealanfaget arexarpidben ppasdndanelcitadgs ot the cotpeasitefpartnsuod
the 5 conposite, part. Next. th erator traces the ply boundary,
al'so ref ol PR D Sscssrlyennael & FuFe extenoriathe gt lAtealicdian the
conposi t eprEceding @it eddgereAc bpamatdrithen phtds @ clean.loldrepdyraedd polyentet film

al so determn nd keep track of the fiber orientation far each ply.
e ol - BRmer Pee GiBel it af Ind A mboaEensth Bl adtes hecTearelity whint
f: Ims Eclhc@dn@bsi@ piiaatshﬁit,bﬂ?lﬂpl@r?wr patdsths p@ﬂ:fg:ub&arwamlsfﬁen;adtofdsqm plye
clear film,¢tracin y O onposite 1 erial.. The operator
Chen usesCaoha SonPhae rRRIARge] PabEORE oS PIPHE HFY TUBIRAREe 1PPom
t lhe cl e«'gr pﬁér‘afﬁrhﬂxfsﬁelllg@ ﬁ@l&ﬁhin@ anakesp t@é%kf@itf) iheffiber ordtiidtRMtior daey phy. I0ree
plies, bei careful to keep tk ane fiber agrientation S

Fecor ded: PhRogRarosars Sasshirial v Gp Chiie SiRger Wrseh frsesthe
oper at or U§@ﬁja$)_€F§l$é?ﬁ gafbe Aralilefred frontHE cldaefipl irasngd NOply Becdmgese
lines for the filler plie

) . The filler plies are then aced i npward
of thér E@‘%{&‘-rg‘sep%?‘?ﬂ?tﬁbﬁ‘ﬁws%%%ﬁ'%@V'Q%'Vttﬁéeéé?*? ﬂ"g}lﬁf)ng}@g@Aﬁa@s
i ni tiatedfrorhhing di@Raih 68 bedpsae ReteRhspileer fa@0RcRMAgtilBeplies, being
consumng. In addition, this nmethod is limted |(£ its accuracy and
abil ity t8agiublg eepyihersemR fibpiotention @5 MiEe deprgedion Ract GortesPPRENG Pl
filler plyfiheRSMbBARS #rt. E10@A the operator uses scissorsAf @Xndle ROEW the8ike alohga
need for a nethod for precisely repairing ﬁ 20 c?ﬁgoa te Part dfp%s,
not suf f eter iragack inesppb e eraMgsy i et fier ahes afe te8 RIpgesh inyagd of their
SUMVARY  corresponding ¥ botikdlafEEdaeh 1RREURNG brdcBSs isvifdrkd OMhilreyaifi@emhod
conposite reBal r sKstem and nethod for assisting in the repair of a
cured conf¥sPe &ipake pranadictlima caasHea WbAdditen Haig MIBAd tutmits indd
removed, gxPRsdHhaBtRIoHrbdidelPhakATRORivke s dedpipilindsi to ti filler ply's
correspondi ng conposite ply edges. The conposite ply edges may be
360- degr eBek 318488 edges and may be taper sanded such that

successi ve adj acentacBbidfiRyeiticpd ds fahb&E ol atRbmoL Yol RAECiddMeirépairing a
preceding plies. The conposite repair system my conprise a.l Ia?{:t

sour c&0t ocompestterniricdagsaop pyffes digesthe problarmg and Avtalionse! deg P
obtain an image of the ply edges, and a computing device for
processing the inmage of the ply edges and 10 creating a map of the
ply edges based on the i.mage. The map nay be used to



manuf acture filler plies for replacing the damaged portion of the
conposite part. The Iight source may be a single |ight
source or WOR0RBFES6y of |ight sources which nay be turPEHIB3P8EHA11BT f
in a variety of conbinations. Additionally, the imge capturing
device may obtain one inmage or a plurality of inages wherein various
types 15 GUMNM@RY or vari ous | ocati ons of Iight sources are used in

each of the plurali es. T map ased on. information
froma single i magé}%'f’u? ?‘8 ErOEﬁ]et'QV%‘ﬁ'O%/ @@aﬁgﬁwﬁ? ERAI §YSteHe
map of t hanghetertoes as@stingan ﬂ"reex@bﬁldob@%@‘éd%n'tﬁ@@lt@pm hﬁ\%hlchﬁdamaged
reflective Rro erties of @é}lﬂacent lies . as d@ ed in th H&ﬁ'@

Al so, t hePPiBBAABPUHEALHHTIITEMEYRS SXBPRER P %W&Hﬁ?ﬂpﬁﬁte f‘"%? o]
by the scomsipegdﬂ?\cbﬁ@ob@es 9ﬁ cddeon Thbeeomgﬂfé p@feovgéé In%s,:t bed BEP-HeYyicded
by the ply as dis in the image for

Sone enboBPHEHPYS ‘gqlgqswdmﬂygqtt@% Sﬁ%ﬂﬁdaﬂ%ga}@éﬁﬁcﬁg%wag%%ﬁ?@ plegiextend
control ( M@memféﬂalmhémen?e@wﬂnp9nééﬂerrfmﬁpro@né Fé?ﬁw@?ﬁ’@nﬂtmiﬂ:dﬁﬂéﬂs@e

to manufacture the urali lies ace

i nwar d of afigid S@BWE(B%! v@'fmt%/%e@b/@ggew@ IPgORCARHH TN q*ﬁé"‘i?é? OREHATHEGRe
each fill gfnpply eW?E-é‘ aﬁdﬁ%hﬁhﬁﬁfﬂieﬁ%@r&ﬁ%&ﬂwgﬂ%ﬁn%tHethy edges and

corresponds w th %Q one of the conposite part and
has tHé s&ieating @e’fﬂaqufé @!y @dgeasbats%torbt#@ ip1age. THe mepdnay 89 s tray

al so .co f f l h 8hohFAas 11 cd BRafr eat ed
by the c%ﬂ?%ﬁgjr@éﬁr?ﬁé%rﬁ%@am@ ?/%hgfbe rlb'Ith S may %rﬁ'%)\z a Serson

repairing the conpd§pdighisapiceranhesieinglo lighisoureecea plEHitypioRFouiIgE
is |ocat eﬁh@ﬂqn Bé“h%édi %nrﬁ?to@fhnrah@anfew éfecronﬂﬁrYatWhS hA%@FﬁBnally, the image

corresponai ng hese and ot her &Bortant aspects
of the pr@@éwung mm@hoaa@ w@s@aggéaa@b#r@lty ol impgps Whaeiearigup agpes

descriqpt | Bﬂxggféaﬂﬂﬂou?ﬂ(:gf:or@%‘f; 1BhLIRs GFe Jdda iPBAM HIERe plurality of images.

Enbodi nent s he present invéntion are described in detail below
with ref elbpdean mayhe baaescoreifermalipAdrom gusiesle iRAge 67 from a plurality of

ol 5 LRSI ASTAD Bl OGS g pRop et aTREStl s
in reflective properties of adjacent plies as displayed in the image. Also, the fiber
orientation of each composite ply may be determined by the computing device based

20 on the amount of reflection provided by the ply as displayed in the image for each
mapped ply.

Some embodiments of the invention may also comprise a numerical
control (NC) machine for receiving the map from the computing device to manufacture
the plurality of filler plies for filling the space inward of the composite ply edges. The

26 NC machine may manufacture each filler ply with a peripheral edge shaped such that
it corresponds with the ply edge of one ply of the composite part and has the same fiber
orientation as that one ply. The repair system may also comprise a projector for
projecting an image of the map created by the computing device onto the ply edges.
This may allow a person repairing the composite part to visually see where each ply

30 edge is located and accurately match the filler ply with each corresponding ply edge.

These and otherimportant aspects of the present invention are described

more fully in the detailed description below.
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FIG 2 is a perspective view of the conposite part of Fig. 1 and an
accordion fringe interferonetry (AFl) device according to an

enbodi nent WX 2004i85§6esent i nventi on; Fl BCE/B32008/0a1195
bl ock diagramillustrating certain conmponents of the conposite 10
repair system FIG 4 is a map having splines representing ply edges

of the cOmPHBFIFEIMIPTION OF THE DRAWINGS IS @ top perspective view of
the conposite part with filler plies applied inward of the ply edges;

|
and 15FIG 6 is a fiaepRimeaisp! Siearpenmdinvenian e dereitedipdetat EGIBHW\%‘“
Wi the téfbldieRd itRatalRed g@yﬁﬁg@u%s%%r&nzpl y edges. The

drawi ng figures do no im resent 1 nvention to the specific

enbodi nents di scl ode@- hisd sebematiedagmardiacompesiteiparinntha capRrosie fepair

necessafi | b Sy b DSt i i upon cl earl
"T1 st rat £ %tg'?’hae%g'id:ﬁ}?cﬁ%p% Eﬁ b ogg%u ﬁ%g%i”@r@ g8'%ETA| LED Y

DESCRI PTI ON FIG. 2 istrepeispreivender 4he campesies PpetichiTikf 8Ae an
| nvention a ng%rgfbﬂlﬁﬁfg% iﬁtQﬁer%ﬁ%?rU?ﬁﬁyaéchda’c%\fidﬁ@ tB'aH\éFr%%dFry]ﬁl%‘éof the HREER! ©

specific ¢ Ji ment’s in which’the’ present entlon ca practi ced.
The enbodinvént@;are i ntended to describe aspects of the

FIG. 3 is a block diagramillustrating certain components of the composite
. 10 repair system;
FIG. 4 is a map having splines representing ply edges of the composite
part;

FiG. 5 is a top perspective view of the composite part with filler plies

applied inward of the ply edges; and
15 FIG. 6 is a fragmentary sectional view of the composite part with the filler

plies applied inward of the ply edges.
The drawing figures do not limit the present invention to the specific
embodiments disclosed and described herein. The drawings are not necessarily to
scale, emphasis instead being placed upon clearly illustrating the principles of the

20 invention.



5 invention in sufficient detail to enable those skilled in the art
to practice the invention. Oher enbodi nents can be utilized and

changes caW®A0§#§ 6w t hout departing fromthe scope of PEHB2HBHHAT
invention. The follow ng detailed description is, therefore, not to
be taken in a limting sense. Enbodi nents of the present invention,

as illust eI LED DESCRIPTIONOVI de a 10 conposite repair system 10 for
assisting in the r1pa|r of .a conposite part 12 having a peripheral

edge 14 and a pl urain& W'@W‘%ﬂ@@"@%%i'@t@"ppf dke 1€V9r@8@hreFPJ9”‘-‘r?§ the
ply bound%&&’orﬂﬁanyﬁig%?awmbﬁgurﬁgtﬁa@ﬂlhﬁl‘a@é EheaFic rodiresliSin wHiéh tROPRRSAL ©

repair system 10 may conprise a light source 20, an inage capturing
devi ce 22NvaniQsniRRReRyagiedc d he #mbadimants aredntendnt osleseie) aspaelichtie
26, and; apykARIEInRUMCRE H@ﬁ:l‘i’@¥hé’cﬁe %Ff%se Iiaﬁed BARE én%épﬁa)e%&eemelaﬁwn‘ﬁon

operable to create a ounaar.1 es around an area

where a d%@@ﬁﬁ?ﬂﬂ?’&ﬁgwﬁ b?h'é"@ér?@d§%ﬂ@§§é?aﬂ1 hedaacéfwﬁhméﬁlﬁn@ﬁngﬁam
use the ”ﬁ‘%&gpégftﬁ@%@s@ﬂ inUentioh! TRE fd?lbbvﬁ@ dféﬁalnaeeeéﬁ@luaﬁisnﬂnem@re not

damaged portion of the conposite part 12. "The cured rrp05|te part 12
to be repil petrkaain pémitegeasef any 20 corrp03| te material known in
the art, such as trghddiRs IS i S EAETE i,eS
16 of f| ber-reinforced r'rat@'%ﬁ& S sfééa%:rﬁea@mlmtag > Rglggﬁﬁolghqi &Bvﬁéa
Fi ber -1r0e| APHPRSe rapRiesysien 1ﬁﬁ9l‘ assisting m thefﬁna(b'rfé a@t’ﬁﬁoﬁlt‘? P2 heviea aas

gl ass, gﬁg:he%%o%%ambﬁt? a @or fd&kurdy %rﬁ@&ét rpl[@%t 1d )%a'gﬁttﬁlwp@ ePIy

such as s form epox each 1 ndivi eac

may be aI Pewalanat 8,aalm)mrm toml@ awat FHY edgpethe p@nawt@o'aawgeusé@m 10
axes. r

Compos! te CW%@%%@%%% Bbtuffia B8oP e Ridlifl dovice 24,

heat to bérmdrrtenea!mpnﬁgl mw@meaﬁ andiaonre@@eepr@mtm@dgwce RYhThevedpght

composiel eopith 1bas oFRILAAT k% o s g HPOSIALRBE1b affindl HParea

fibe e orien in a erent direc ers o
its adj acwherem famags poxan of tealompositchparphgs bermepardved ang usayhdmap

a8 A ReIPRIE RS b SOTDEL P sl

edges) suth that each adjacent ply 16 extends further inward of the

pe_ri pheral ‘edge 14Tﬂ£ éu}Pgd %8%8%%6#%@ tolge R’é;l:?d\‘fgt gbgcﬁ% hane;n

adj acent ply 16. ht “sour
a canefa, campesiter mateyial knownci the Iartgmucbum tragiiticaaly cbmghsn%dnmmetes

known in E&Etrﬁ&ﬂed |e§";}%'o?ti)\ferq?hﬂqn¢émﬂ%t§r@g %pﬁ th%@to%&h L Hbg,ht

source 20 may ce VI SI sourc i hclude
a plurali te;nfoﬂced:l n@mrlaﬁmamwtaloa strhmmstnfgﬂbar,gﬂmchfas glass, bogom, englgnabhlte

| ocati ons - t

bart 1o eibbdddi BSGhelMatidfaRinty SuACHGRNC BimbPoiiny! P ERTIIRULG
pl y boundplyilésatB flaeudnayalye M@nedatmcbrmtarmanglewm resﬁepteudeemarggulm ages.

er1 odp Vs PORaNTe B2 ity BBLOR LRIy RS ot PR e e fiPefded
can be useih ame&iieae@bumbéaymrysstnmanmmmslo b8nd He piesdﬁsts@hermr@r&eaater
det ai | beI Iﬂ V\%rm%gm%%gﬁeuﬁé d}? e%gh I%MWthe com osttl %12 the

capturi ng
flbers may be oriented in a different direction than the fibers of its adjacent plies 16.

Additionally, the ply boundaries 18 may be formed by cutting out a damaged portion of

30 the composite part 12 and taper-sanding the resulting 360-degree ply boundaries 18
{or edges) such that each adjacent ply 16 extends further inward of the peripheral edge
14 of the composite part 12 than its preceding adjacent ply 16.
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in the art, such as a digital camera, a thermal imaging canera, an

I nfrared canera, an x-ray machi ne, a scanner, a |aser-based scanner,
etc. The i WOFEOEBPYAri ng device 22 nmay capture an i magePGUBEHIS(0RHID| v
boundaries 18 of the conposite part 12. The imge capturing device 22
may be a plurality of inmage capturing devices and nmay obtain 15

i mages 30 froma pITmeaight:;mmoEe Po oatyi ens fiash bn aeaped, a lasdriighidource, a

boundari f t t.,.12 i i .

o rhod; morTarn Bt atAt GRIRRRE aBRi 1ar, aySiERpfamshaf iHedinon,,
fringe ggtrylfgeamg% r(-néﬁénbddeeN|gblea§r|1:tlrrHyaﬁh@ntmgeﬂem maygTﬁlucwwblodatiai n
I nages -t ar t hr n n i i

e ens SapLlign bt B SR Rou R oM A el S EAPES BiBhasaee 8 i oty
6, ]931 @12b0®ﬁt{aﬁdsselo®mﬁ(&ﬁnpﬁs¥ﬁ/ﬂaﬁh2arF©r b_ﬂrﬁplg uhamghm&ieedzohptlay fo;;m
rererence 1 n elr e eyl ce cO ri.se t 1
Lo ben 58 MgaincRR Rl vt 14 retmes biivod an b e aeneader g
|0atte(r]I n, kmth dfrt:oiﬁmaaﬂbhs amdspmmg l@rﬁeorﬁ@ﬂh@rplmgodﬁ&a%rlée %4 ffeﬂéctsve
recordln e curva rnn rom.a vl e ol n

el M hpicperieail it fa Phyhd Narictisiies ofpNaliche it bs pec,@ dsisct the B
cur vat ur epaistiias 18NgMisAReBB T JrelRt WBRN bklde. Caner a and I I ght

sources the AFl algorithns can create_a n%g of . t he surfacg t he
obj ect!0 be| ng scann elrp\ggeq?ggg@gdewce%may any image capturing device known

in the art, such as a digital camera, a thermal imaging camera, an infrared camera, an
x-ray machine, a scanner, a laser-based scanner, etc. The image capturing device 22
may capture an image 30 of the ply boundaries 18 of the composite part 12. The image
capturing device 22 may be a plurality of image capturing devices and may obtain
15 images 30 from a plurality of locations with respect to the ply boundaries 18 of the
composite part 12.
For example, in various embodiments of the invention, as illustrated in
Fig. 2, an accordion fringe interferometry (AFI) device 32 may be used to light and
obtainimages 30 of the ply boundaries 18. AF!three-dimensionalimaging systems are
20 described in detail in U.S. patents 5,870,191 and 6,031,612, the disclosures of which
are herein incorporated by reference in their entirety. The AF| device 32 comprises two
light sources 20 for illuminating the plies 16 with an interference fringe pattern, known
in the art, and the image capturing device 22 for recording the curvature of the fringes
from a viewpoint offset from the light sources. By using the degree of apparent fringe
25 curvature and the known geometry between the camera and light sources, the AF|
algorithms can create a map of the surface of the object being scanned. AFl-based
scanners may record an XYZ surface point coordinate for every pixel of the image 30.
The computing device 24 may include any number of processors,
controllers, integrated circuits, programmable logic devices, or other computing devices
30 and resident or external memory 34 for storing data, images, and other information
accessed and/or generated by the computing device 24. As illustrated in Fig. 3, the
computing device 24 is preferably coupled with the image capturing device 22, a display

-



scanners may record an XYZ surface point coordinate for every pixel
of the imge 30. The conputing device 24 may include any nunber of
processor sSWOCHR/¥138856ers, integrated circuits, progranmaPCEIR200$061195
devi ces, or other computing devices 30 and resident or external
menory 34 for storing data, imges, and other information accessed

and/ or gengr teefleRion) B8, & BBLINtHRCEEN Gfe RE- mééhmé bgsmeam@el ptojettthg
3, the conp utlng device 24 is preferably coupled dwtht I mage

capt uri ng 98¥6¢ € a@éOtha?fa?@a%%ﬂtst@é)ughwéreﬁeﬁwwea&mﬂaeaw jusheppgaia

38, the Nguga@hb@ﬁata@,mfbmﬂom&e BkHaRGéd PEWEEN tHetatiBus a&ﬂp&&é&@g The
conponent s throug wired or wireless connections, such as a data bus

40, to en&PMBUING EPYIEE iZ9nmaY 3jeo é%&ﬁ’&n@é@vﬂ?étsﬂlé@ﬁ ‘E%@“Q’a[f@ qegls 44, as
conponent gesckibedFamst i Ng device 24 may al so include a power source
42 and 1/ O ports 44, as 5 described herein. The conputi ng
device 24 may inpl é‘?’f‘@n@onépl&lﬁﬁﬂﬁ"@ﬁ ¢ DY HAPIBRENbA CoBIRs PR Msandior

performt 'ESdef, BOGheR8 S0 ﬂ)%ﬁ‘ﬁf e%ftﬂ\%ﬂ@dsndes-g Sed RERMH. EThE BRLAEr program

preferab nE ses a [ i st |n? execut abl e i nstructi onhs
for inpl eﬁﬁmra by qootrisas anuwgrderednisting, of R¥ecsibrRi inshuctivesi feeimplemaniing

conput er R:rgﬂﬁf RALERR iR GheBRRNAG ddfcd S afhe c‘bﬂ?ﬁ‘t@g@é%g{;%%tﬁ 68 PR

for use by I n connection wt an 1 nstructi t1on Sy stem
appar atQus|n @ny gevipuier-rearebiex eegiugm foreusenit puét Femectiom wtltheart mtre&ttonof

this appl b?@c,lu‘neﬁ‘sys"l‘er'ﬁ(:%‘ﬂétﬁg Jrﬁ@ﬂ@@la‘ﬁd'E‘Eéjéd'ﬂg{heﬁé?rulaﬁor%”% E%%ﬁtetxhn?ft

can contaln, stor I cat e, ropaga e or transport e program
for use bws’oapnlnatwnraé‘@pm@nte\mr@adatblﬂameﬁlg @amb@rarwm@anatbat GARSGCEEIN,

t t
o e, Bl sahia o GAHY Flrsh EREM hrogaP! LER BFBy RbonhEkiion
el ect r o- nuifhéhe mstrmcﬂonaaxedutloarsysm appadius, or deyiea. eﬂﬁle aprpaut&t-mdable
d | . i nel usive,
exanpl S BPSRRE 2k (80 87 hetfhe BUERaRRited fo, off SREHAR Yialdls) BRlodk,
an el ect r lealo-omgnelia, indiardéth oi sanicosdegtonsystiemiappras atua, gayiceabprpagation

comput er gh-SKG t frord sh MO THASESHS ot TRIRLVE, €3aNbles bt 15 BoMPlitér-PEREREYE
medium would include the following: an electrical connection having one or more wires,
a portable computer diskette, a random access memory (RAM), a read-only memory
20 (ROM), an erasable, programmable, read-only memory (EPROM or Flash memory}), an
optical fiber, and a portable compact disk read-only memory (CDROM).

The memory 34, may be integral with the image capturing device 22,
integral with the computing device 24, stand-alone memory, or a combination of both.
The memory may include, for example, removable and non-removable memory

25 elements such as RAM, ROM, flash, magnetic, optical, USB memory devices, and/or
other conventional memory elements.

The memory 34 may store various data associated with the composite
repair system 10, such as the computer program and code segments mentioned above,
or other data for instructing the computing device 24 and system elements to perform

30 the steps described herein. Further, the memory 34 may store various imaging
parameters for inferpreting and processing the image 30 obtained by the image
capturing device 22. The various data stored within the memory 34 may also be
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20 (ROM), an erasable, progranmable, read-only nenory (EPROM or Fl ash
menory), an optical fiber, and a portable conpact di sk read-only
menory ( COROY008/135856 The nmenory 34, nmay be int egr BCTAGR2008/00HES

i mage capturing device 22, integral with the conputing device 24,
stand- al one nenory, or a conbination of both. The nenory may i ncl ude,

for exanplaesodiaspwithih@ned muws dakiasadlodaciRERMEri2bal@f ¢Einicdmatie as

RAM ROM fl ash, t t ,  USB’ d d/ t
convent i onal afrem)r ﬁéﬁl‘?gl‘ﬁ ter aépﬁgé %Wﬁ%ﬁg%oi‘%a%gﬁ@&%nmgﬁ%gﬁpﬁ;

associ at e@yé/térfnhl otdre RBResIsES, t‘rﬁrﬂ%ﬂ'aﬁle%ysiﬁﬁerl&wo@s@dwsmeﬁm@mmmw:mr
program and code segnents rrent i.oned above, .or éher data for
i nstructi ﬂ'be EHRPIRPERF hEysirUi 10 usRdl 1 dRCa PR MARAIMOTSE I8 JPRE30

the st esosm@ﬁ@mabh@d e s8tas fiohB Switchéls sERIMMAYelSA 18B0h STrédreadéatinRds
i magi ng par or interpret.i nglieand processing the

obt ai ned tﬁ’y‘ ? . ¥aifE (RAOHPTIAR FlegeniESUCTRE Ay VPB'EI%”QGIB’E"g“%Q ‘g‘?"é“&s

wi t hi n t hgyfeaPhite 3butMada) tﬁd%kh)@ bafl$ S8Rk eaﬂcaMéra bﬂcrﬂé‘@a AiGitaTRr fim still
dat abases to facilitate retrleva of the informatio

The
user i nt ePf XSEO[AMRIANFREDIRatiensy thebe%peﬁcat EURRL, é’@nﬁ%%’l nierfagp 48 may
system 10c§rﬂ9n@é1@hle@%rwﬁﬁéléss ddth bR fdrtdiGhent8 sueh NRY a deMbogsie trieRbgr €

[ nformatl on With the conposite repair system 10. The user interface
38 may! Goffistiodg tbq;\glea}o 4 data transceivers, &tc., to enable the user and other devices
or parties to remotely interface with the composite repair system 10. The device may
also include a speaker for providing audible instructions and feedback.
The user interface 38 may be operable to provide various information to
the user utilizing the display 36 or other visual or audio elements such as a speaker.
15 Thus, the user interface 38 enables the user and composite repair system 10 to
exchange information relating to the guidance composite repair system 10, including
maps 50 of the ply boundaries 18, orientation of the plies 16, images 30 received from
the image capturing device 22, etc.
The power source 42 provides electrical power fo various composite repair
20 system 10 elements. For example, the power source 42 may be directly or indirectly
coupled with the image capturing device 22, the computing device 24, the display 36,
the memory 30, and the user interface 38. The power source 42 may comptise
conventional power supply elements such as batteries, battery packs, etc. The power
source 42 may also comprise power conduits, connectors, and receptacles operable
25 to receive batteries, battery connectors, or power cables.
The I/0 ports 44 permit data and other information to be transferred to
and from the computing device 24 and the image capturing device 22. The I/O ports
44 may include a TransFlash card slot for receiving removable TransFlash cards and
a USB port for coupling with a USB cable connected to another computing device such
30 as a personal computer.
The NC machine 26 may be a tape-laying NC machine for manufacturing
composite plies 16. Specifically, the NC machine 26 may use information from the
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5 functionabl e inputs such as buttons, switches, scroll wheels, a
touch screen associated with the display 36, voice recognition

el enent s sWEh2088133851 cr ophone, poi nting devi ces such asPCA/ER008/001195
t ouchpads, tracking balls, styluses, a canera such as a digital or
filmstill or video canera, conbinations thereof, etc. Further, the

user i ntechapatiRPdsBoe 20 raYardfy M’bggn@ine‘éﬁ@edrﬁﬁﬁy Qﬁérﬁaﬁdrﬁﬁ%?(ﬁ-:rr to form
el ements such as a renovabl e nenory i ncl ud m&et e nenory 34, data

transcei vérd Pligs#5 oftashapsAnd ?'F%waoaﬁkﬂ'gd’t"ﬁb d?é\?PE@@d@#ZGdﬁrtW el
to renot e'bbuhcﬂ‘ér%rsfﬁﬁeTM\fstdﬂowg%rcﬁé@Qélﬁt@gréﬁd?ﬁbf Yk plickO46 TR tﬁi@]élyce

may al so include a speaker for providing audi ble instructions and
f eedback. boundaries 18, Suméhalél“earﬂ"ﬁml@sﬁﬁ@tamum?t%@p&ﬁs@ﬂfsﬂﬂaénag?dmoamnde

variouss i if f?:rg%?ﬂ;ﬁ@lté Baﬁ he, EE&{ f[llé‘i' Qm.‘ifQ@tuFEoﬁcﬁJ ¥ l\ﬁ’ﬁm%hlﬁé BEmay

vi sual or audi o el enent sucn as a pea er
i nterface bssn@%%ﬁt@@dtm@ aRipharl cdamp® shaned syshithatdyarecisely atahies up

cechang, P aBiG0g i i Conpy YR S UGS b, (€57 e

10, includi ng nmaps rles
plies 16, CDWQ@@?M?%C@ ved fromthe i mage captur| ng device 22, etc.

The pover source 4Zrjan@ ‘égé’??m&%ﬁg%éfﬁ@b?%‘@ﬁ stela¥@'dr @H&oFﬂ‘TQ}gﬁ%Js%d

repair 20 system 10 ele exa power sourc¢

di rectli0y & piojrat m@cb¢@®wm@§|ymrwntmlhe lnfnﬁg@tlowamt@ﬁhmgorﬁewteeamm

t he conpu | r
er aoo SRS B8 e biecthgBbane 26 nek alEE A sy hapluhe
suppl y el phebaundaties 18s illbainating dbe phaboendarigacids so éhzd thwre)epajwepr an

source 42,npy,b$ Fg&ggﬁt'n?&hﬂ%"m&ﬁ@ rbéébeﬁﬁgntﬁga%%wﬂ&g sagh of the.

receptacles opera to receive connectors,
power cablfies.plies 46 should berhlaced.OTpisris ysaml piocerihe pllatb@uatriaile@ﬂr&emay be

i nforngti Bi?n&? IQSG{EE?\W&I&%&EQ%& %]@H%/y%rom t he conmputing device 24 and

t he i mage capturing dev ports 44 may include a
TransFl ash card sl dnoparatiors theicompytin@deice? emay prosEdstbhinmapedd fromithe

USB port I C ng
dovi O Sucrﬁé%eoéaﬁkrln@%e‘pﬂggn@gﬁo H%En%ﬁw% ififofRAfitH Fe%gro’ir%nﬁi?ﬁ@ aries ne"%g
may be a plpeiehtajiong TINe: qa:mplutnn@déme P msydben Iseng tmemmailen o thesNG6.
Speci fica J | t
conmput i ngH O'P%?z%g&c}& gblgg? y 3@% 5“% ?é@hﬁf fﬁlg E) e%rﬂgrtgge At tgﬁ
in or dr tamagedpbitibhef tid cerppddteqfarai 2 h&pecificallys azreetbod édelentificngly
with the . i f ' . Thi .
br eci se. i BPDSRIBE i HghR A corivesls BalH e rind s o BB
18, suc h otihe composite pasr 1 3 tdpes-sdidingpihelwe mpoeite plesrié@racs th&86@degrged
portion ply boundaries 18; shining a light onto the ply boundaries 18; obtaining the image 30
of the ply boundaries 18 with the image-capturing device 22; creating the map 50 of the
25 plurality of ply boundaries 18 using the computing device 24 based on the differing
reflective properties of adjacent plies 16 as displayed in the image 30; and determining
the orientation of each composite ply 16 based cn the reflective properties of each ply
16 as displayed in the image 30.
For example, if the image 30 is a grayscale image having 256 shades of
30 gray, a large change in intensity detected between one area of the image 30 to another
can be mapped as one ply boundary 18 {(or ply edge). More specifically, if an intensity

level of zero is detected next to an intensity level of 256, then the computing device 24
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5 of the conposite part 12. Each filler ply 46 manufactured by the NC
machi ne 26 may be manufactured with a peripheral edge 48 shaped such
that it prW%&28/43588t ches up or corresponds w th the coPfpdBize08/0p1195
boundary 18 ot one ply 16 of the cured conposite part 12. The i mage
proj ecting device 28, such as a | aser projector, nmay be used 10 to
proj ect ph}epbmmlnrnwamt\péan thesembppositeiintbasitytdvetsrasahé plyﬂab&ndary18

conposite 12, C|f|caII t.he 1 ma I ng .devi ¢

o orect - o TORAs e IR Gritar Rl WlestB sy eoonhadi st bR nifino Eiftert By
the ply benastandres FbBemﬁléuqnleémh 8pedabek fiber @rientation vall etedlaatierent
b1 6526, SMGHTONGNHRaR Bles Wil & 0 eoee. i ofpmeiot HERSMS S psin B reaes o
Imsly be ﬂ?flﬂéﬁd‘ﬂ?ﬂlﬁhbn hied ?lab@@g fmeﬁd@h{mhwnrtrb@cn@tsmftdrefny@mount of Ilghtthan

noperalon e computin eyl C SS e |1

the i rrageaé‘épﬁqgf%fgbedévi?'&‘ég@’z %Wa'éﬁ@ﬁﬁﬁ el ﬁ’@?"ﬁ%&f\ 'BW”??'&Y%? H’@V&ey
boundar i eggddtodsh By ¥oRidaaes as tRdactdd] &y @ethy c@(tﬁéla:@a}éemn

send this information to the NC nachi ne 26, s ogerab

manuf act uf e%ﬁwélmbbwnqaéﬁs)p@ll% 1 coyPping %%Cq #b10 etaawaaé%ﬁ fiber
portion obrgh8tGOEMAs pkya sp%tr eX#mplSPBe 'cBin%@ilﬂg’dev%e‘@i mag belorelpamaiedng

ply boundaries to repair the conposite part may conprise cutting out

a dana%dt%gﬁfterFh%fa pwew'ébﬁpraga%eq)@fqu&aje 'fltéﬁﬁw @aﬁld? ng°q has a riber

conposi teoﬁém@ﬁorﬂ@r %K&w@bst he éﬁ&aﬁsqgrﬁ%nahxrkbwndarae@ﬁeekﬁadjﬁwpm a
light onto the ply boundarles 18; obtai ning the |rra&%e 30 of the

boundar i e36 B8 digridyachie thendgace 8Bty ﬁ'@“ﬂ%\?l GoERging é'&f-’la‘?’gtotq@'qgﬁﬁ 50
of the 25k é‘lp‘ldl ?foumdaﬁ) yg ROWRERAI £ 1 HSASIdNET SRMPSHMES |té|

24 based on the fering reflective properties, of adjgacent % | es 16
as di spl aybesa examuies w{;@thsospe&ﬂ@ efamplesioh g rhiRingdhe EherAriesirtioh vadich

Conposyst e pbahdhi &«a&%%a%rat&aﬁ&% }eﬁ’aqﬁzb‘(&triér;ﬂ;ﬁe”'es of each pl y 16 as

di spl ayed 1n the 1nage 30. For exanple e inage 30 is

grayscal e i mage haip M@'%@@%@%ﬂtépf the ineation, she image Qﬁﬁ’él—ﬁ@‘@ depice 22
intensity n%gfospﬁﬁ@ﬂ Fe"‘ﬁ@&e@élﬁr@rﬁ ﬁgu@ie éﬂg%sldﬁa@ﬁeé%ngoeaaﬂ B30 ?ffhybe

mapped as o e). More specifical

i ntensi t yalse\bmobtﬁﬂnezﬂemw dléeraetl@&atwrcwé%@ of Wit e lkshb‘%%r@%fs |dirge dc’# the”

256, then L he RARRI 1 d'80H @ifcréntdbbations. This allows all portions of the 360-degree
20 continuous ply boundaries 18 to be detected. When a ply is located at the edge of a |

part, the ply boundary detected may not be a full 360-degrees. The ply boundaries 18

detected in the multiple images 30 may be combined or merged into one map 50 of the

ply boundaries 18 by the computing device 24 and may be displayed on the display 36

or projected onto the composile part 12, as described in greater detail below. The map

25 50, as illustrated in Fig. 4, may include splines 52 which trace where the computing

device 24 has detected ply boundaries 18. Additionally, the computing device 24 may

label the portion of each ply 16 exposed between the splines 52 according to the

orientation of the fibers of the ply 16.

The repair method of the present invention may also comprise the steps

30 of the computing device 24 providing the orientation and ply boundary mapping

information to the NC machine 26 for generating the filler plies 46 required to fill the

space inward of the ply boundaries 18. The method may further comprise projecting
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maps the boundary between these two opposite intensity |levels as the
ply boundary 18. This difference in |lum nance of plies 16 is caused
by adj acenWORAW®B58avi ng different fiber orientations. FSHIBIKSHHILES
plies with a 90-degree fiber orientation will reflect a different
anount of light than plies with a 0-degree fiber orientation.

Li kew se, tﬂrmmh;la ?Odhmijlyeetoﬁhé @:d};)fﬂpo&ﬁéb&ﬂﬁ ab\iithmfnﬁgﬁﬁmﬁhiagdé@i@;% such
orientatiqn r ect a different unt of light t a_45: deqy ee
1 ber or i Sk 1 Bab SasTate PudeiasBlift nadBh et dianfinalaier fych fé@éﬂ@
rrﬁy ble uigd tbﬁa pmporpbrgb/nbtamnglappmguk&r mﬁlgllnaigtnegﬂlier gﬁ@nm ty :level i
t he tearaetwe wo detecte oun a t he
corrpgtiyng dfavi ce 2 tSBm&ee[ (’r#'ﬁ%nt? g &y %)fnv&qfooﬁ % %ﬁﬂ'rt'ﬂ‘ﬁﬁﬁwa%
For exa@mhethet melucienmithing ed@vnuee pRM4E®EIh ukmccmestmdorﬂ;@ogit@ p@eteetats

1E|h gfaraorp: ﬁ]H tt?%ﬁ] 3} 2 3:3& dgﬁg sse lﬁ’&é)f%'g pra édqe] ?f H%ﬁ%’ﬂ%’ 36 1 may

c?alnt ratsL betnvmmowbact@matcmzﬁgefsh&@e afutsitcﬁm?s@@lng plytﬁwnu g@agﬂéa%%
al l ow t he u Vi ce o, disti oundary,
"L Pocar I 468y oS Ae Gt OuRekh Jb B Geniatin D s pRepanting
exarrpl es aod @élﬂé%y ﬁ@%cbfgufdeﬁwfmé m%géfpréijébiﬁfg’ﬂé%lcﬁgst Q@efsbh@hnstallm
ori ent atl on var \Fg?qpendhéﬁ%on the canera location relative to t

ply. appa’at“ B HRIAVETGH itE FRITESPPEANG BYY, b%ﬁéaryﬁﬁ&@d
capturi ngtlﬁlzﬂ\ﬂu?@th%?eriﬁpé/c&béﬁlt@ pﬁHHYQI dHdahé MREgsties 46 fd MRAMHe rbpéuﬁof the
angl es and di rectl ons. Each image 30 may al so be obtained with

di f f er ent “PTEPR! teq@ir es 20 or with the |ight source(s) directed at

the ply boundari es ABofigtoMhdliiffetieNthds06abh scritdti Svith! lvendd Ito the
portions of the 360-degree 20 continuous ply boundaries 18 to be

det ect ed. eMREHMENH ‘Uuﬁt'@tqqy'edh%a“%ﬁhe@ﬁ%a‘@éi@% s ngtagdhat equivalepismay be

boundaiy ERbRYESGnABLEMLILRE %aﬁb"Heréﬁ%ﬂ"@gf asﬁamEr@%m lrhebQéHﬂ:@acEf'tﬁé
18 detected in the multiple ipmages % be conbi hed or mar[gwe i nto

one map SUVBMIONRS IEPYEChiBRRISRIES Ema«@ ISP a Altegate s BRodmeRlsHf

may be di gRliRxatoR ﬁi‘béhﬁstﬂb@tlﬂn%r%@n@éndw Qbﬁa%t 8 958 Ral B@afé@ Hé‘ﬁéﬁhh@d
part 12, as describ greater detail below. The map 25

illustrat Bﬂtherpqm%m”gde%‘ilzf‘ﬁ@]‘h@léo@ﬁwli@e‘ﬁ‘%ivarﬁ‘l W'Tpﬂéﬁéb%i@@tﬁnﬁé
conput i Nga Qe BiyChnAHahas 1@653%&%91@@&@#1&9%@@@ pﬂc%en@éqhtth@wbbas sphe
conputing device 24 may |abel the portion of each ply 16 exposéd

bet wee® t ARIaEBA nes 52 according to the orientation of the fibers of

the ply 16. The repiingiRid\@sbchbed Qﬁemb%%tnt bﬂ“@rﬁdeﬂﬁoma@fs%lmed
conprise the steps 30 of the conputin evi ce provid

ng t
orientati @%"%‘MG“QFﬂ?S'EﬁMﬁd@rWOWﬁWl kyd-¢ %ﬁf%'?ﬁﬁﬂﬁ 'Bﬁ‘uﬂ‘i‘ﬁ tﬂ”'ﬁé0|f<€l@§'ri%ch| ne 26
for generating the filler plies 46 required to fill the space inward
of the ply boundaries 18. The nethod may further conprise projecting

11-



the map 50 directly onto the conposite part 12 with the inmge

proj ecting device 28 such that the map 50 nmay provide |ocation and/or
orientation information for each filler ply 46 to a person or
installing apparatus for installing the filler plies 46. In sone
enbodi nents of the present invention, the repair nmethod may 5 further
i ncl ude matching each filler ply 46 with its correspondi ng conposite
ply 16, agiglLlustrated in Figs. 5-6. As discussed, the peripheral
edge 48 o filler ply 46 may be nanufactured to match t he shape
of its correspondi ng R]'F)ﬁte@?é%meym%aiman@@@bmfhld er ply 46 may be
manufactured to metch the fiber orientation of its correspondi ng

ngﬁgﬁi Z?OH%%%@???%%?Pia%%ﬁi@tyauéaﬁ%ég%ﬁ%é‘g@;ﬁé F@?ﬁ@f*‘*ﬁ“@%ﬁ? lies 4
i i .18 ) i
oot & sk 8RIb0 A Bk ARHT Ao RS b8 fe it bitfig Sl o6, therepy. .

conposi t art 12. . Al t haygh the i.nvention has .been

Geser: bediis:a Phialte LRV bsupRATE ik RRAPSSTR TGS ARARASTIS SHigaces of the
attached drawi ngs, it .is note hat , equi val ents may be 15 | oyed .
ohd SUbs CPTBPP B BIeRRRsvReT P NP WA SheHar Elige CP DR Tard et MR is
invention as recited in the clainms. For exanple, in sone alternative
enbodi meAtNGFANSHEY; PraRti¢ o adablgenediyra; fthPtFfol%‘fﬁr REOH EENEG RRTISHNS:
shape, and size may be al so determ ned b?/ t he conputing device 24 for
the conposite pli éscads seameddereesivipg de

FRATesPPRTinate sheasiengiipage of
boundaries 18, based on detection of these properties in the images

30 20 obt ai ned. the surfpes o thenepsmensite e axrased isduesrethie P t he

invention, what is clainmed as new and desired to be protected by
Letters Patent includedoundarfesl wbalaingthe atiegistrene image displays differing
conput er-readabl e nedi um encoded with a conputer program for
repairing a conposite peaperieseirgizcept omed dfttiye obmposisoplieseand i es
a code segment for creating a map of the ply boundaries based on the at
least one image,
wherein each of the ply boundaries are substantially continuous ply
boundaries,
| wherein the ply boundaries are taper sanded and the ply boundaries of
successive adjacent ones of the composite plies extend farther

inward laterally than a previous adjacent one of the composite

piles.

2. The computer-readable medium of claim 1,

wherein the map comprises outlines of the ply boundaries detected based on differing
reflective properties of the surfaces of the composite plies exposed between the ply

boundaries due to varying fiber orientations of each successive adjacent composite ply.
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stacked on top of each other, a portion of the conposite part being
taper cut, thereby formng a plurality of ply boundaries of the
conposite plies and exposing surfaces of the conposite plies between
the ply boundaries, wherein the conputer-readable nediumis a
non-transitory conputer-readabl e nedium the conputer program
conprising: a code segnent for receiving data corresponding to at

| east one image of the surfaces of the conposite plies exposed

bet ween the ply boundaries, wherein the at |east one imge displays
differing pro ertiﬁé of adj acent ones of the coggosite plies; and a
code segnent ¥-or SRy -TRadarie masupojclsibundhe es based on the at
| east one inmage, wherein each of the ply boundaries are substantially
cont i nuoasmpligr bmgnararfiugizer cppurrising a ¢astepegnsnd fetdanstasting e nuappeical control
sanded and the ply boundaries of successive adjacent ones of the
conposi t N@) ineshies teegendratet dash df avpvrality af Eilerd fligs fardifing gpspace dusard of
adj acent one of the conposite piles. 2. The conputer-readabl e nedi um
of cl ai nitk, plywheuredaniet hiza sedp rctheprasefsthe pty hnesadés, Mtergh yhéodCndachies
detected based on differing reflective properties of the surfaces of
t he conpesntfacpiréesackiizs ety Wbt speripiidrel qige dhapadsr catespond With e Xipng
fiber orientations of each.successive adjacent conposite ply.

3. The chogrdaey off @rdsfithe phedoftie @bmpbsitapdrd. t he

4. The computer-readable medium of claim 1, the
computer program further comprising a code segment for sending the map to an image
projecting device for projecting an image of the map onto the composite part and
illuminating the ply boundaries.

5. The computer-readable medium of claim 1,
wherein the map also includes an orientation of fibers for each of the composite plies

depending on an amount of light reflected by each of the composite plies.

6. The computer-readable medium of claim 1, wherein the at jeast

one image is received from a digital imaging device.

7. The computer-readable medium of claim 1,
wherein the at least one image is a plurality of digitally captured images of the
composite plies and the ply boundaries, each captured while at least one of a plurality

of light sources is shining on the composite plies and the ply boundaries from at least

one of a plurality of locations.
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conput er program further conprising a code segnent for instructing a
nunerical control (NC) machine to generate each of a plurality of
filler plies for filling a space inward of the ply boundaries based
on the map of the ply boundaries, wherein the NC nachi ne manufactures
each filler ply with a peripheral edge shaped to correspond with the
a ply boundary of one of the plies of the conposite part. 4. the
conput er -readabl e nedi um of claim 1, the conputer program further
conprising a code segnent for sending the map to an i mage projecting

device for prgjectin n .l f the map onta the conpgsi part and
'l um nating ehe 19 SBRiaaRSeBean oBuERE st WhPeRERT RO Ba tm of
claim1, wherei,n the map al so j ncl pdes .orientation of fibers for
cach o PHETbGHTb{Taery i oS enmBiamLY o rgh o el
by each of, the coné)o itevﬁ_!,i es., . 6. Thﬁiﬁcorrput er -readabl e
medi um of " ERARFHAE camwediviileyarigys sumbipatigns qfnallesquicasare ot offr om a
digital inmagi devi ce. . 7. The con‘Pg;t er -readabl e nmedi um of
claim 1, wherérn ¢h@etod afgetecing coniyeUs 8V PMNGRERS Py of digitally
captured W%gf {)f t he corm os%te lies and the ply boundaries, each
capt ur ed® RETTIEY gt CAreRRIeRNES 6 2 20WPAFILR PR IuiePR iR cyBResHeParts the
shining on the conposite plies and the ply boundaries from at | east
one of aMBINGALOMAMSHI: | ocat i ons. 8. The conputer-readabl e
medi um of claim 7, wherein each of the plurality of |ight sources can
be turned on or ofkinjngdeliwi@ain thg canosde Rliest atidigrpiimatel totye ply i mages
are captured while various conbinations of Iight sources are on or
of f. 9. A net hbelnsfarige ptbeicoqposie patious ply boundari es of

obtaining an image of taper-sanded expo'sed surfaces of the composite

plies extending between the ply boundaries with an image-
capturing apparatus;
creating a map, with a computing device, of the ply boundaries based on

contrast between adjacent ones of the composite plies in

an amount of light reflected by each of the exposed surfaces of the
composite plies as detected in the image; and

determining a fiber orientation of each of the composite plies, with the
computing device, based on the amount of light reflected by each

of the exposed surfaces of the composite plies as detected in the

image.

10.  The method of claim 9, wherein successive
adjacent composite plies have differing fiber orientations and plies with a fiber
orientation other than 0-degrees reflect a different amount of light than plies with a 0-

degree fiber orientation,
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a plurality of conposite plies of a conposite part to repair the
conposite part, the nethod conprising: shining a light onto the
conposite plies at or proximate to the ply boundaries of the
conposite part; obtaining an i mage of taper-sanded exposed surfaces
of the conposite plies extending between the ply boundaries with an

i mage-capturing apparatus; creating a map, with a conputing device,

of the ply boundaries based on contrast between adjacent ones of the
conposite plies in an anount of |ight reflected by each of the
exposed surfaces of the conposite plies as detected in the inmage; and
determ ninga fiber orientation of each of the conposite plies, with

the conputing1devirpe mdirsesr Qiint he D ' reflected by each
of the exposed surfaces of theI ct(?erfposk*gteg%eoy% ]¥Iet ected in the

i mge.  boundariesQf tlgél"_@uﬂéﬁtclaﬁﬂ)ogfte ?ér@!fdﬂnga suMISHBIND cONGRBES b¥Endar

adj acent conposite Ies have differing fiber orientations and pyi es

with a fi i i - flect a different
anount O#Rﬁrgﬁfbﬁﬁgﬁ%rgﬁﬁggé%%?hﬁé;&geggg@ égﬁ? rgr orientation. 11.
The nethod of claim9, wherein each of the ply boundaries of the

cured conposite part forma substantially continuous boundary inward
of an outer i pher f the cured cgonposite part.
p%’_ p'Phe Xwe?hoc} ofeclalm 14, fur?hrgg comprisiﬁg
\ |
obtaining muitiple images of the coriposite plies at or proximate to the ply boundaries ,

with light shining from different directions for each image.

13. The method of claim 12, wherein the image-
capturing apparatus obtains each image from a different location with respect to the

composite ply boundaries.

14. The method of claim 11, further comprising
providing the map and the fiber orientations of each of the composite plies to a
numerical control (NC) machine for generating each of a plurality of filler plies
configured to fill space inward of the ply boundaries, wherein each of the filler plies
manufactured by the NC machine has a peripheral edge shaped to correspond with one
of the ply boundaries of a corresponding one of the composite plies and has the same

fiber orientation as the corresponding one of the composite plies.
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12. The method OF claim 11, further conprising obtaining nultiple

i mges of the conposite plies at or proximate to the ply boundari es,
with light shining fromdifferent directions for each i mge. 13. The
nmet hod of claim 12 , wherein the i mage- capturing apparatus obtains
each image froma different |location with respect to the conposite
ply boundaries. 14. The method of claimii, further conprising
providing the map and the fiber orientations of each of the conposite
plies to a numerical control (NC) machine for generating each of a
plurality of filler plies configured to fill space inward of the ply
boundaries, wherein each of the filler plies manufactured by the NC

machi ne has aqper Thé afatho8daifan aeHHe? cemprismgond Wi th one of the
ply boundaries of a corresponding one of the conposite plies and has

the sanme ff lj@@ing Ak RIdpAiteRty laﬁt_otths cGH:PB&?éJQé’I%H@ illﬂﬂﬁné%gttﬁ@ialg%ﬂéérﬁ%e

plies. 5. The method of claim 14, further conprising projecting

map di regfh Bé-“qﬁ'tagﬁ tplpﬁgﬁgﬁmréiﬁ b mgg{:tlﬁki %@%Lﬂ&g?% Ljn'gi gﬁ!eé/ is

boundaries wt ge projector, €d onto

th I . s . . . . Al L
(he PLY BOHDRRK 6300 SRS LN S5, AahR S0 o B DS AL g
Th th imal1, ., furth i si t di th
co?rpggi tgﬁeﬁgrhtogl‘a(fﬁ%nﬁlgc%ﬁj'y E(r)ung;ricgrsm;L(S:Ln?ha?p:;chsgﬂclcggsi vg

adj acent one of the ply boundaries extends farther inward from an
outer periphery of the conposite part than a precedi ng adjacent one

of the ply bojfjé?dalrﬂeer%'ethod of claim 11, further comprising taper

sanding the cornposite part at the p!y boundaries such that each successive adjacent
one of the ply boundaries extends farther inward from an outer periphery of the

composite part than a preceding adjacent one of the ply boundaries.

17.  The method of claim 15, further comprising
placing the peripheral edge of one of the filler plies adjacent to a corresponding one of

the ply boundaries and curing the compasite part and the filler plies.
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17. The method of claim 15, further conprising placing the peripheral
edge of one of the filler plies adjacent to a correspondi ng one of
the ply boundaries and curing the conposite part and the filler
plies. 18. A method of detecting a plurality of substantially
continuous ply boundaries of a plurality of conposite plies of a
conposite part to be repaired, wherein the ply boundaries are forned
by renoving a danmaged portion of the conposite part and taper-sandi ng
the ply boundaries, wherein the ply boundaries are inward of an outer
peri phery of the conposite part and wherein each successive adjacent
one of the conposite plies has a different fiber orientation than an
i medi ately prgcedi mgtfmqieof@fetqqﬁ@g @W@Wpés%bﬁt%ﬂauv he met hod

hi h .
o T he. pPotstiaHe abbelnos s bR hErall pEiRta Bl P S eihpstidia B ©

conposi t eeglire@swhkpRsiad pllwbcmam%mes arglionge®by ﬁ'ét?oﬂlﬁg’ alaalwnf%@ﬂl;?ﬁ.dﬂ dfithe
an|rrage captunnga aratus atin (0] t he Yy oundari es
based onC%P%ﬁeeF?PrE?fr‘%f teRst- SP’PF"P%f Saily 9@@@5&@@@@ £ PhtPEEatied A

of the ComRASHE&n ehﬂee§e@§1éiy§p{r@y@#n¢d@..té bsnlaﬁa%er@tﬁte%msmé&sﬁef' ber
orientation of each t he corrp05|te plies based on an anount of

ref | ect i adiaegntonerwl the eoeprediepdissthas gl diterentiiter oppalptien thantandmmedjately
providin i h of the conposite
plies to&eﬁ:ﬁﬁg@?ﬁg?ﬁﬂﬂ%ﬁ?ﬁpﬁ?ﬁ% gnﬁgﬁ’é&dg%ﬁ ngﬁﬁée;d f or gener ‘at | ng
each of a plurali tsimnmgai:ght@ﬂtq)thee@nﬂmsvteuph% alpreorgmete forthaind of t he
ply boundaries, wherei ? &ﬁ&[}legf the filler plies has a peripheral

edge shaped to mate w RTOHESF t he ply boundaries of a correspondi ng
one of the conposiob&iphges imagh of hat}rfacefofdbe compesiteapliesrexpbsehbntapker

correspondi hg one of |t RELERRLTFRY hritanod fAh B dRad oakline crpaptsiy
peripheral edge adhgmegblhbﬁopﬂw;bpbomakwestméaib@de@m&ﬁ&nﬁmdsng one
gr i ég.e conposi te pli esre?lggtlvceu;grlog |£'ars1%f ggngenﬁlones %?{hte c%rrlrgp(}s e pfnlasl éser
displayed in the image;
determining a fiber orientation of each of the composite plies based on an
amount of reflection of each of the composite plies as displayed in
the image;
providing the map and the fiber orientations of eéoh of the composite plies
to a numerical control (NC) machine configured for generating each
of a plurality of filler plies for filling a space inward of the ply
boundaries, wherein each of the filler plies has a peripheral edge
shaped to mate with one of the ply boundaries of a corresponding
one of the composite plies such that a fiber orientation of each of
the filler plies is the same as a fiber orientation of the
corresponding one of the composite plies; and
placing each filler ply peripheral edge adjacent the ply boundaries of the
corresponding one of the composite plies and curing the composite

part and the filler plies.
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