LARGE AREA REPAI R OF COWPOSI TE Al RCRAFT BACKGROUND Commer ci al
aircraft may be damaged by bird strikes, ground handling equi pnent,
debris, hail and other unplanned events These events can create
hol es and tears in aircraft o, under | yi ng
stiffening substructur ’(%Gdg EOF@I‘?"?{@ Rgﬁﬁ"pad ups). For
instance, an aircraft's nose cab section may be damaged by a bird
strike, a | ower Iobe may be danageNCKuBR(DUNmose gear col | apse,

m d- secti on_door rrou ds ue to | 1isions. with
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and return it to service as quickly as possible. Down tine 1 0i s very
cost Py tdgmage tgjupderhiing idleping subshuctiyse (p-g4 amps, stifignersrand prqd-yps)n Fpigggtance,
revenue.,, alrcraﬁ%%ké ca@ eéloﬁmlﬂeﬁgﬁila@édw an(Hf@ s%‘ﬂf Ch ?J“;er fobel; %tsld\cﬁ%ldé/ed
straightforward. A damage panel underlying substructu

r emoved diie smashecaacoltapad, midsektioe pbercsedourldfs npave dgmaged daw & ¢®1muels vuthe
repair ca ment rel t| vel Kl Repai.r e
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es peci ahﬂnpoﬁanSfccrepeinazr dienaee airdrefp and reairn DREsdpviecs quivkposgtsble COBS dile
ael age nad of, s veral one-piece t,r%ﬁgsue barrel sections.

Eac bar &Y SRy 1O #iFfEg h%?é‘_s‘ersfkgl Jdlg gBpra $In Iafh EEVeMY% f eners (e. g.,
stringers). Rzﬁﬁr §ﬁd fahenen s iluﬂﬁﬂurﬁﬁlrérﬁ‘ﬁ agtRt @y Wdidhtfoh@ar8 KiANatMa¥ed €anel
co-curing during fabrication). The hoop franes nay be nechani cal
f ast enednd gndeplyingjsppsirugiureare Weeﬁe@ Uit aigerafiand rapjaced e & napels By
damaged,q,d £ARVEAG AR he Rt N8I NRi&N\ 1 re barrel section would be
prohi biti veP@ 20expensi ve, gé Isru veﬂ{ o production, and tinme
consumi ng. Repat fbfcﬁdwlwg@ss bbcomimsgecmma'craepmmﬂ mmoow&trpngederwmpwmﬁy
al rgraft n needed e
g%oneorglgggpc% 1r 0? T prie- Bxece com Lfg ent.? Ca%nsg‘ilef q fr‘uas‘glgge rgac}r/eeursj gvcfral 3hE: plece
accor di rgmbosia barﬁélhedldner Badch. ba{’ﬂﬂle;ed&!ﬁ&gtﬂddeamaa lempelraﬁles,lahﬁl stafifichers (e.g.,
under | yi stif en| 25 suﬁstructu e, of tgg onent met hod
i ncl udes$ fg'éﬁfé} a ]Terfé‘ nFRRAYRC Kbz @ egintgé*UFla%faaee%@m The
panel f @kbop BRMECHNELE RecHIARYEHs 18K thERRInd 264 Bifbel G 1A E8sclRPLaGBAENT
skin and underlying integrated replacement stif f'eni ng subst ruct ure.
The net MeePrpesdamaged; rarayaesng agplacathhentirp bareed pisE8n wauld dg|padhalisyaly
panej a%szﬁganv@ etgére?&mo &AL, ﬁ@qgﬁedeoagurhlﬂ aﬂ%aﬁadoﬂsgqge Iﬁg@tma repai of
her ei n, of repairing a e area f one- 0
ai rcr af tonemmp@n@nmoszi@mpqrafsecsn@mnemmnen@da desi gn of a custom zed
one- pi ece conposite replacenent panel for replacing the damaged area.
The design includes repl acenent SKW% ynderlying replacenment
stiffening substructure. The netho er conprises fabricating a
| ayup mandr &l ranahuﬂllyalam@gediar@ df @ ohbpiedesirgpnsitacenpesemef b eirdradis repaired
fabri Catagcotrclillng t6 a method herein. The damaged area covers skin and underlying stiffening
25  substructure of the component. The method includes generating a design of a customized
composite replacement panel for replacing the damaged area. The design includes replacement
skin and underlying integrated replacement stiffening substructure. The method further includes
fabricating the composite replacement panel according to the design.
According to another embodiment herein, a method of repairing a large area of one-piece
30  composite aircraft component comprises generating a design of a customized one-piece
composite replacement panel for replacing the damaged area. The design inchudes replacement
skin, and underlying replacement stiffening substructure. The method further comprises
fabricating a layup mandrel tool according to the design, and using the tool to fabricate the
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repl acenent panel. The tool and the replacenent panel are fabricated
at a single site. Accordi ng to anot her enbodi rent herein, a
nmet hod of repairing a danaged one-pi ece conposite barrel section of

i ft fusel i ncl ud ti desi f tomi zed
composi {EPFRABNENT MhIRERH 7 P RET I YA 16 AN APk of t e
barrel sect ixgfordihB® Sdeek gnesHipanekreid) e mias of képairARd dafh QY sHeqFece

stiffening substructure. The method further includes fabricating
f ast enecempesite bael seqiion o pbpitcrphfetlage iggpdles gensigting redesigp oh @ ersgrized

panel a%sagggite ?eﬁﬁé%efhgﬁ 68 8 epiadthd b D0 ARTREE RS ERE Fz{rrefl (QMbE Mehe

damaged ar ereby l'eaving an openinhg in"the barrel section, and
i nst al | idaygned@ata brcluslas skin pahiategiatedtstifewpg pibsguctiihe Thavse bl Atrthenincludes

i ncl ude [ f ast ene to chani cal |. asten the fabricat.ed
e IE Tt Rl 06 LR ISRt BeERA AR AR Ele i AR AR R e
1 i s an thd degighyattingrianhgaimateriad fidht the dahagdt agagherebpleavihg al os@iRde the
FIG 2Ais an jllustratjon_ of skin and underlyjng_stiffening ,
Subst r ubPETGegP M AdRHULTE e FPFUPT BREL NGRE iehingo Thetsstollion tpstesies sgine
is an ilhdrafEmtd @inhadcAig REAAnSIB8AcHd FnING 1H ARSI fbifHl age barrel .
15FIG 3 is an illustration of a replacenent panel that is attached

to skin panel via a holted sg{l';ice. G 4is an illustration of a

met ABd f or repairing a%g%@ B@H%B%Bﬁﬁd%?ﬁym%onent of an

aircraft, ipghudsBgieesion 0Bt 2l @R iRl QnpdsikGiR@SLL € repl acenment
panel . FIGS. 5A-5E are illustrations of the fabrication of a |ayup

mandr el t 0oFIG.28Fs @n ilBisiratiqarpfiskingad pederlymg sfiffeningpdbeusture af £eqmposite
havi ng j d.dirty sections. FIG 7 is an

illust rg’tglfr%;sg@%ongkﬁrrggﬁ%&%f using the fabrication cell to fabricate
bot h t he | aylip 2Randn 8lustaohn cdindanhgdraepl cdeenepliecpAndhge barrel. F1 GS.  8A

pi Ae w t FIEaR EbP BRTLItRioR s era T ety G RhpRe vig« oofed

rotary mpi@rel tool support including a spindle with counterbal anci ng
and | ength %Ssjﬁus_t ment. . FEIG 10.s an.illustration of a nethod of
det er mi ni ng~ AR IHEHRIORIOGR e B ePHER SR dBRrErt PRaPiFRRAoRONENt
panel . comFonent offan Gircrhdy, in%lu@ﬁg'dlaéi%?ﬁrfd%h%ti@ﬁ offa Mﬂiﬁ% @%ce?ﬂn@ﬁéﬂeﬂg

|

acell to [ e 35reglacenent panel . 12 is an

abricate a conpos ac
i 11 ustrati ofiley. SA-eBaputlnsigtipescHithrfapuratipe of plammgandsd tedt hod of FI G

11. oRpETA LER®RSERI Hfﬁkt%on of a fabrication cell having adjacent clean and dirty sections.
FIG. 7 is an illustration of a method of using the fabrication cell to fabricate both the layup
mandre] tool and the replacement panel.
FIGS. 8A and 8B are illustrations of a rotary mandrel tool support including a spindle with
counterbalancing.
25 FIG. 9 is an illustration of a rotary mandrel tool support including a spindle with
counterbalancing and length adjustment.
FIG. 10 is an illustration of a method of determining whether tape width may be increased
for a replacement panel.
FIG. 11 is an illustration of a method for selecting a cell to fabricate a composite
30  replacement panel.

FIG. 12 is an illustration of a computing machine for performing the method of FIG. 11.

DETAILED DESCRIPTION
Reference is made to FIG. 1, which illustrates a composite aircraft 100. The aircraft 100
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Reference is nade to FIG 1, which illustrates a conposite aircraft
100. The aircraft 100 -2- generally includes a fuselage 110, w ng
assenblies 120, and enpennage 130. One or nore propul sion units 140

are coupl ed the fuysel a 10, win lies 120 or, other

porti on§°’ﬁali 15??‘?56&%{33?86& Wihg &3 W&Saggba“%%?fﬂa%e {13:% (?“se CHpt ed

to the f H}fiﬁlsﬁﬁﬂmﬁi@m B cOPIR 8 MROTidRRt$0, WiRg a@BibhE 120Sebd&Sotddhs HRY
o

be made a single one-piece 5 conposite section. In other

enbodi méfieradrerafinldls dslandinge sopt esspplype O oraraled iy thafirselage &lbne- pi ece
conposite s gfgo'rr%na?nbohgn%ﬂeth@éﬁf% ffEﬁ ?ag!e Y54 ;@) Gl & acémr%e orfe¥ece

fusel age 11 forme rom-t W ng ohe-pi ece composite barrel
sect bonsomposite sectioab [rs@bdrieotbodiseatsi Ga fukﬁl)age 1 Hreey bd rsethy onisiple one-

(sections 43, 4 c tio 7
bosconodiect pamani BHER) I IR RBlGo R FEF 1 b8 Rl Rme frpm
sect i onsheoBoWin@uEpRPd ¢d3i11ﬂ)sir@baiam&gaoﬁsr 0 oG rcabl mrku&a(sd&ﬂungﬂﬁq}mmﬁdwt :
All sections are, al so susggg)tl e to da ge frc;m und debris. The
nose caliedigBs {seHiiopg4y44an ‘?"HIS€Ct{OBS faflgﬁg)ol rd strikes,

whi ch are hipglie@ResNcal dIRABESL60Ad BWRE lhqh@e&ifoné NenuBOSscbRfis 8RCt | On
is susceptible to damage due to nose gear coll apse A | ower | obe of

t he 18nd sg@emtit&mtq d@ﬂ@&% eptEreing baplag eagameyt. v} Jectsqns precdso sugREERS @nce
I s now gﬁ&\ggé aé)r?sn%l@%?sevyab b sUsds ggc% @mém Yl

area 25 use age 1 n additiron to 10
t he undetrikys, rvgualmregnghteng tfacsniAnigwsulobe oﬂjht nose cms}:cnayisahquntibée to

damaged., The stiffenin bstryct ur

et s Slead hER AR RURRE L ATPET T B o i susespiie fmpg oY
ski nbleailﬁhﬂesldarragfe to tgle fgsel age 110 Imaly OII:] Imaly not beI entirely

VISI e es of visible amage incl ude hol es el am nati ons
(55, e paRatrae Bnostmidge FECS 20, TG S BGRE erRuiongE deed arcs

exact  sizgof MRduentento.oh aamﬁoﬂmqeaggﬁm@%n b@o Meﬂ'ﬁ dg imegrated
non-destructive inspection is perfornmned. damaged area

may be [stffering pdsigecaigre A0 @aﬁ alsg be darpagedr Ehe $t§featng|89@§vct3refre@t mﬁiydfa
feet [ahg r I t area
thereofti ﬁé%ggﬁﬁﬁénfﬁﬁ% g%é?ggw gﬁgggﬁfﬁ”%gﬁﬁg§¥ﬁgﬁgn entire
barrel sect iTondanagehe t}erftxseﬁ%e fliG slapgemay notdte edeslyrafible. ERapples ofngsiblae
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a damaged one-pi ece conposite conponent of an aircraft. As used
herei n, 1t REIH¥BF conponent could refer to a major 30conponent such as

a fusel age, o dhthageWldd 258 TRK bk Parfe. SEChI@Rein, A 1NB LEa 6 AMBANE Met bH 8 Gt
s @ [about 90 cm by 90 cm] or an approximately equivalent area thereof. Repairing the large area
25  damage by replacing an entire barrel section or the entire fuselage is not desirable. Repairing the
large area damage via a bonded repair process may not be practical, feasible or otherwise
desirable (e.g., due to cost or logistics).
Reference is made to FIG. 4, which illustrates a method of repairing a damaged one-piece
composite component of an aircraft. As used herein, the term component could refer to a major
30 component such as a fuselage, or it could refer to a section of a major component, such as a
barrel section of a fuselage.
The composite includes layers or plies of reinforcing fibers embedded in a matrix. One

example of a composite is carbon fiber reinforced plastic (CFRP), where the constituents may

include carbon fibers embedded in an epoxy matrix.
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barrel section of a fusel age. The conposite includes |ayers or
plies of reinforcing fibers enbedded in a matrix. One exanple of a
conposite is carbon fiber reinforced plastic (CFRP), where the
constituents may include carbon fi hers enbedded n an e rratrl

At bl ock 410t blPﬁ‘%‘“rOeH%%fFPaﬁé?%%fl is nitigied FRANEEFCIRS 8 aFQE& ﬁb Ofémlght
report. nmk&terﬁﬁ%hamg%cﬁ adi €At & avée&'um & tRATBA LS HGhmasht aldn@leeiafnag@
section of the fuselage, or it m ght indicate damage cause

tri gger ciigediey # biggsigactien suhgegausgd by @ Hrotimtiteitead t)rr@atag@ ﬁau@@%@g%

caused ﬁO“ﬁ‘ig&%ﬁﬁg %ﬁaglohlﬂﬁm}! bﬁ'c% DyLR elnto a cargo door frame.

5At blo ocatio Ext Bnt - of e damage i s determ ned.
Non- @est r uct vleck ﬂﬂpétetlomon; amhemlt uf the a&m‘geas deispeatd Mnmytrtb:ave
performed on an rea haV|n g non- dest r uct 8

i nspect PBREHEY B 5 ‘faé?% S%er‘f %fhm3¥ %P%{ 8“ 1 f'gyat ”?'?g"‘%%@tei BRage. or
even if nbf@estabiganglciidiahaydieqRriofndliodn anl :Béaif@r a Algebligrdctidd Qverpif idar
to renovi ng danmaged nmaterjial fromthe conponent, the aircraft nay be
10pr ovi éé‘ﬁa&ﬁattﬂlagﬁéélsfqoév@ih&?rl ng for proper support. The shoring is

used to mai A goBk 330, ?ﬁéﬂﬁ%méﬁﬁfﬁirﬁatg}éd Rk iaB¥SHRe@ompbnet, 1R SRraft may be
section of the nose [ower |obe is renmoved, the |anding gear is

r endQed paaveded wtithrspedifi ﬁ@rmg épripsonsr @mp@uédTb@sf@upwmsed iRenHMpRSEREURE om
|1 b
tcﬁe 28%1‘8%@&%’ #(?r '§aéé1% 1]f sf‘e i GOIMEShdsE 1&%&?{?&4 reb%v&&“theél}’aw egf $e9Ms

here ng an opéening 1 n
damaged rermb\edlaadi emahﬁomm&p&dldw t@asupp ot th@gurﬂ;faﬁﬁmm ncélapw; h as a
router or asiyve

appropri at e gtoglf %%\6 tdﬂ}?léé?ﬁégglp%sﬁt& r?%%’@?gfcugmay from eeﬁ rg“ﬁ?ne&tjttheﬁ%)y be
made by fédifing 81 @eMing i 88 ic¥Rp6isht. €The AAmBSEdRIite Sl mayRy rifoEaLe atmtinge
router. The opening nmay be trimmed. Router or trimtenplates may
used® towblaeﬁqchtaﬁér?trt?rrﬁw%rywttadne & Agiaed éhliaflvwh?ﬁénﬁﬁaﬁgmpfrﬁ%for the

tri i ngpibgneReiboy RS cho S atdish Yushy) E!:er%deﬁﬂv tg@ﬁa&paﬁ@él%@ﬁ&e% corner cut
bet ween t he edges’ of the replacenment panel and a boundary of the

openi ng.may be mafle bl ltigoRuBE0, a design is generated for a custonized

conposite repla e%%aﬁﬁ%ﬂgmeﬁf Rroﬁl%# t‘nggtg&gﬁteq G2 Ghs tgﬁyﬁn ortlthé

conposite conp esi gh i ncl ude pane It1on
for ski nrimndng byt @ddiag del csmmg frenhing Bhesitimiog isrperforfinel td eqtait engamreling gap

defi,niti on may be crea startin e.origin anel

ot P 1P o8 <G E s b Bt PRe g b ae il SuaP iFing 1
used in the AI@Rick @M, a dasigh NREhdryed GrlaR@siomiRll Behpdas edpladehémiptidd fors 0
t he repl acenent panel can fit in the openi n? and mat ch the contour of

the conp8t#itgt frﬁ@nifﬁéﬁéwa&éfheﬁpfﬂp%teﬁavmfﬂﬁé ubfe detien ebdged et panel

i ncl udi n@s6ARE A3 skiARdd Lﬁ@gwéceﬁlffeuﬁl@ Sa&tﬁa&hﬁé THe k1 @GR béfiSon hikEbe
panel definition may also specify boundari es, stacki ng sequence,

fi ber comatsibyisowtingditiothe erigiagl Rangi deémon éﬁéed/ﬁmﬂkhsmwsvbﬁtrﬁct@@dhatp’mye

25  originally used in the section), and modifying the original panel definition so the replacement
panel can fit in the opening and match the contour of the component. The panel definition may
include surface geometry including contour and features such as holes, trim locations. The panel
definition may also specify ply boundaries, stacking sequence, fiber composition and
orientations, and tape widths within each ply.

30 The panel definition may define material specifications for the panel. The material
specifications may specify properties of the composite, including properties of the reinforcing
fibers and the matrix.

In some embodiments, the detail panel definition specifies a one-piece replacement panel.

That is, all underlying stiffening structure is co-cured with the skin.
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30The panel definition nay define material specifications for the
panel. The material specifications may specify properties of the
conposite, including properties of the reinforcing fibers and the
mat ri x. sone _enbodi nents, the detai| panel deflnltlon

speci fi es aI”o‘ﬂEefﬁF@e%m}eéBi the detath panshrdinitioprioes net spegify agRer@Iacy fapljcement

stiffeni,ng) Huf fé%i"ﬁ By IBrth the 1561{1&@ cWtdh-rhda€ iikdrRied skin and étﬂfeﬁﬁn@%ﬁbstructure
enbodi ments, the etal panel definition does not specify a one-piece

repl aceﬁ?@ng wp@wéqmenb@wls%&flﬁ@n cxistRgoonpondist Forexareide ctamenisrmayeigexcised
i nt egr ag n#)ﬂjoﬁluc?liag fL?SEfﬂ%é %g{rll en&bgllfa’s:toli‘ g)?ctlééﬁ?ll'o% 9 E%tl%ﬂgf’] c{?}gﬁ):}fcgém%gl%l or

ex0|sed exi st or exa
exci§edeﬁmmﬂﬁanmadﬁmuﬁmmmnkdseha@e section (barrel), or eXC|sed from

a partially_conpl et or 5 sed from.a deconm.ssi

i Perart. Y TROGRS G BT el efnrl ek PP Baal TR RE PR oo
mechani gglicefdastieni laﬂ@ ﬁﬂéremmca WiB bg used:p hicEndalpFafes t@ndplhddnleaf Sahel to
which will be used to nechanjcally fasten the replacenent panel to

the conmb¥rfeRPonatneince the egachlocatiqncd theghmaged matedalpag e oragt xRl of &itd
the exaghyg %‘eﬁ@ Bind6h shi GnledBERIe, Re §Iﬁf3g%t%eﬁiﬁéiﬂﬂf0%Qh§H@tmﬁfor fh'@?epalr are

splice joint configuration and details for the repair are 10l g
not 100 dikélgnotmdgxisead need tpebecraatade d he Thmbenaiideteil génedredenends paﬁ@r: gn

depends QTQEEkE}goﬁHQref)??pfnear Eéal Org%z{?xe er%fPs@éd{ci: dderd o?gﬂm%: ?(u %QQ‘M

f or |nstan 0zZens o érs an ’housand eners
m ght behdusaak vBfdsterddns mlghlnhtsmvolﬁfeoﬂ €Bhigphass ofldusigués traquche tidalragee. The

desi gn may L ncl ud anel assenbl efiniti and . an -
Mot ot Y on e s HHERE: maF Frer ST g ndan A ABond<riation ne
repl acembie aniiond @sédte HHANB AN the!e ?l’é&:rﬁéﬁ@ pdief ashetini@nelieRip e
(e.q , spllce doublers, fillers, and fasteners) At bl ock 460,

t he 5ep|§%%ﬁﬁﬁ¥Iﬁﬁﬁﬁﬁgi§PW§5?P@§FQ@E5%83?Hﬁﬁﬁmﬁb the design. In sone

enbodi ment s p Bt&%k Y@, QUSpISLSBS e i€ thricatek hdboritk 8 il deSRE! &) soa{ee
co-cured as Is done in productlon I'n other embodinents, ~sone of the

el ement smbbdipigatsy bp VatawelemepEiek., ﬂwyarbiestﬁ@ewamr@m pured assis demedin
t oget her, (& 8o, 1%?6%?89130%%%1{?9%%@ QPJhE %Qm%ﬁﬁg% fer ep%%gmteﬁ)t daP8 dgypan |

20Fbmev3 CO-¢C cure

mat ches mdnaamoeiﬁstfasmye@ mgf:uhgme@t Iemlsed strlnaeri%daditéd mgahercauﬂ td thgskimy be
perf.ar after the repl ac nt ricated. For
P2 ot £o-tise T Bl e s CLY bféF@r S e peh et St eiton,
panel i soh@@@@lont han the openlng Addltlonal trimm ng may be
performed to ensure that engineering gap tolerances are net.

25final fit AdgitionpliceHing e perpraed afig %E@i%@n@'&ﬁa@%h@%@ﬁ%@ﬂaﬁﬂ@i For

met, may,be . d Qlﬁ@in@ﬁaltcnl%né RRAGIHE pér'f&rﬁred Tfrlﬁc fe ?Bl:ﬁﬁ@rﬁ@%l RanetShaPYe opening.
|ntent|onally have usabl e excess at the“repair site.
Additional trimming may be performed to ensure that engineering gap tolerances are met. This

25  final fit up, which ensures that engineering gap tolerances are met, may be done at the repair site.
The replacement panels may intentionally have usable excess which is trimmed at the repair site.
At block 470, the replacement panel is installed into the opening. The installation may
include mechanically fastening the replacement panel to the component. For instance, numerous
splice doublers (composite and/or titanium), fillers, and brackets may be used to fasten the
3G  replacement panel to the section.
Reference is made to FIG. 3, which illustrates a replacement panel 310 that is attached to a
skin panel 320 via a bolted splice. The bolted splice includes a doubler 330 that is attached to
both the replacement panel 310 and the skin panel 320 by bolts 340. Elements 350 such as fillers

and shims may be used to fill gaps between the doubler 330 and the replacement panel 310 or
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At bl ock 470, the replacenment panel is installed into the opening.
The installation may include nmechanically fastening the replacenent
panel to the conponent. For instance, nunerous splice doublers
(conposite and/or titanium), fillers, and brackets may be used to
fasten 6B Paws a8 abherptees sanrailt Rpve piscraierendpl, longitudingh pag 5L j s ade
to FIG  Syighs i | lustrates a replacement panel 310 that is attached
to a skin panel 320 via a bolted splice. The bolted splice includes a
doubl er 330Refsencs is oneq apamedadedo BYs H- tIusingdhy sondpasivet panwect®ndpeFamed
t he skin e 2 I 3 - i

sii mo. oy BaC 0ha el by e B iy BERVh Sec it iy o Bl fpn 08 or

r epl Bceiegd arpareehir.3A0block 434, thepank lare3 A8magehreasisd lepas:dgeing k @abhwentienaé
circunferential, longitudinal, .and coper .configurations, )

Rof er enBRIIE eI oS (PPIRLIPY L o eP R TP MEOHBHEISEPAIRE e

i nspect idemaddasiafarRdfidihg biBeckmpadl: madral hncreda, flanage; mayesal so be
reveal ed outside of the envel ope designated for. 5 |large_area repair.
At bl ock 48@he yasious frctionsof A6 Ahmgebargyionact bydiffewat qrefifigd parties. For
convent i.onabc RENARE(ERAL §sHMRGERDerrGANASY thERAIIR Minubkedhd:. IRPAI 'S
may be perforned by sanding 'thé damaged simal|l area, filling with
conpBsi treplaratment panelamay beasanyfachmed Glock AG0)Uydhe digframe manufaphsenca pitigd
function Fl G...4, may. . . y_di rent i fri [.£5S.
For - examgigst 4 4L TRt BrBEROGER ol pistin & Bl mBURYL M dARLLEE
manuf ac tpaiis? tnay ba énsidlled €pbacEieby Apphaet omGyounéd (AGGY rechianiosd Dainh gk

460) by the airf f agt hi t i fi.ed
fac) 111 yiatci gy bRET Pra It oT by s R Bechorls’ mhe Shorie BB oF ey
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Curi ng. replacement panel. The infrastructure may also include a masterless mandrel tool for composite
panel layup and curing.

30 Reference is made to FIG. 5A, which illustrates a method of creating a masterless layup
mandrel tool. A masterless tool refers to a tool having no permanent mold. In contrast,
permanent molds are typically used for creating quantities of production composite tools.

At block 510, a cellular structure is fabricated according to dimensions of the designed

replacement panel. The cellular structure provides a rough contour and profile for the
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30Reference is made to FIG 5A, which illustrates a nethod of
creating a masterless |layup mandrel tool. A nmasterless tool refers to
a tool having no permanent nold. In contrast, pernmanent nolds are
typically used for creating quantities_ of rodyction composite tools.
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enter the foam core.
30 At block 530, the foam-like material 522 and the header boards 514 are machined to obtain
a desired surface for layup of the tool face sheet. An example of the resulting machined surface
532 is illustrated in FIG. 5D.
At block 540, a face sheet is formed on the machined surface 532. Prior to forming the

face sheet, however, an adhesive layer may be applied to the machined surface 532 to assist with
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a desired surface for layup of the tool face sheet. An exanple of the
resul ting machi ned surface 532 is illustrated in FIG 5D. At bl ock
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For instance, the walls of the header boards 514 may be lined with Teflon sheets, a release film,
or other material that reduces the bond or coefficient of friction between the foam-like material
522 and the header boards 514. In addition, draft angles in the cellular structure 512 may
30 facilitate removal as an angle may improve the ease by which the foam-like material 522 can be
pulled out.
At block 560, the exposed surface of the face sheet is machined and sanded to form a mold
line surface. The machining may be performed on a milling machine. The sanding is performed

to impart a desired aero-quality surface finish to the mold line surface.
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At bl ock 560, the exposed surface of the face sheet is machi ned and
sanded to forma nold line surface. The machining may be perfornmed on
a mlling machine. The sanding is perfornmed to inpart a desired
aero-qual ity surface finish the mold line surface. The face
Sheet sur t ekt Mol TR SR sh R Rl hERG i fiea B fecria
repl acepmi, depiiing cleRENEENAG! HBli¢diien bhihe Réjste PRI pagal TOs sifes bI'@e panel
repl acenent panel . Tool sides of the panel typically have a better

it p . : .
sur f ace DPiGHLY haveridistipatyriascdausiothan bag sifles of thg mreed ynlgssananl shpedg used to

used {0 hRaAURHE sREhdeSnihn| REBag did sthefhnbinNe bag side of the panel .
5At bl ock 570, the nold line surface may then be cl eaned, seal ed and

r el edse- coatieblockrhdd), heahdldgnd $urfage may themik Cleynsiddssaled el tekpase-edateds dhe
coati ng_pr.oVi. - St t . SO cured. repl ne
can bo FBY S B sRls 8 b BB A e A R AR PR
r ef er enesplacsmameend oarFbeGembied findin clie tholl wigionalhiedingn exanpl e of a | ayup
mandr el tool ..ncluding a.machin face sheet 542. The fac heet 54
e s bonded i Sral ST TS I001 S P TAS R 8 P BBE e B mandte
provi de tdodiiRBidalg sShidhimenifie sh@t 54 TiRGRShERB4DAZ0-HOR (6 i HeAdd BBAHS
to substructure for hi g%\b‘&;of_i | e tools, and provide a basic_ |eveling

syst8m fbt Thrdepdsppards rgv%agﬁﬂgaé-sri’éfimnsrw(éh? fieegieal 43t seple i Rgmest
val uabl ¢, §i@irlAl88r hfg% oAIBERAS aﬁscﬂ&ovi\ﬂ@h%'&sié)%&@ s?é?&ﬁ‘ fSrleM&é‘f'i'le fhols
the face sheet area becones |larger. The integral "stiffening also

i ncr eas égsepi-tp).dThy/intsfral bieffdnaneds yHvdile B Purget e shietrcld2580ich berwnieayarp
mandr el . wl Sl f e. | 0 i S, the .f she
542y DERYLaS0E FAGNyebhel flome R RTD LT RRALT R L0 N BE R SR E R o
t he t oolthenfage dheetddd t o fabricate replacenent panels for |arge area

repaLr of a,conposit ircraft conponent. In other enhodi ments, .the
mndPel t oot ARG B9, heJetopiraincis R FargsiORARTO M GIbod T Bripe ire
mandr el shRPbass) BIRepBited BrofOhEBEhdBYLARRSTD! I @r-Qadblitlens, Mk Wolkial Ye
of sections. A 20 vacuum seal plane nmay be used between nandr el

sect i ongsddo ESiGR'e repiCERIPRIMARAYIOT {a7ecarrpoiRAit plet cammopite Hirdl mpeyEttem
I'f a tool sgreldQnndeaidRnlsOmb tailePRECmiy &M n{)e%%ﬂ ﬁﬁatihx%r mhddfe1tébl dystem.
| ayup site, It may be advantageous to assenbl e the sections at the

| ayup siThe mapdraltopidysthe meayshe farmebddel aasesnbding tngethei z plutabiitofskitiops.ngy. A
hi ghnpr of i t 00 r.al t t approxjmately 24 1nches 0
er 2P Rt ARy SER e Ut R Bk R B LG R T TG PEB e
header bo@edsndehsysieal. Ufre toai sdcoanmdedk & eahppedirom Thteicatidsditeue b tayep siey
support .the tool above a flo r a.cart without sacrjfjcing to

ot PF nedtm tradmu P oys arad ol Y RaC A I Heds Sho e b e Cuplays of
sur f acehwverkife HAMLKpShg. @ | ow profile tool may be used "as is" with
rel atively short header boards for panel production w thout the need

for any addithigheiPiisiedleemetally gt upppRroxiplisly Hbinchasdfl embinieigsh npy
a cast. uédallr §}E§t|r3€/c'n§§ | AR8ekeli e l?e_iéiﬁ%hﬁ’lfg heddef BREACAL Ny Ae J)ﬁ)ﬂ&’rﬂ-lﬁ@gﬁfe‘?i‘al.

tool rapi . sinply changihg a few paranefers (header boar

densi t y Thnduishigimeesy, suppaeeths ok tbavhir dlonees:, cadvd theat saeri fadings gl wififness
t h e sam, apChll goca%&éé)?oﬁ&'[’] stll?ﬁleéjs%g H‘l t cebs %:e!t urlfaacg .pIBrgglﬂgarsF la f1$v9 Bﬁloﬁlef tggl d)qay
wi de range of replacenent panels. e tool's my be used for limte
use probeuyqeat B0 withpghticht shorthehder Hottrddfoe pirebprodwaipa blidomfthemdet £l aay
producti QR.runs, and even master t (%ol s,that can be used to

additional substructure to support the tool from the floor or a cart.

30 Thus disclosed is a method of fabricating a layup mandrel tool rapidly. By simply
changing a few parameters (header board density and thickness, face sheet thickness, and
material system), the same architecture can be used to build layup mandrel tools for a wide range
of replacement panels. The tools may be used for limited use prototype tool applications to

durable tools capable of multiple production runs, and even master tools that can be used to
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produce ot her production tools. Ref erence is nade to FIG 6,
which illustrates a single fabrication cell 610 for manufacturing the
mandrel tool and al so using the mandrel tool to fabricate the

repl acenent panel By bui | d| ng the mandrel tool and using it at the
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kni fe ordugt her device, such as a ply cutter, or a hand tool. Resin

i nfusion maépal so be perforned |n t he cl ean sectl on 630
Oper'dt i ons EiPErateid disradain sp8iaR 6P Inchidy coppeiye laypp pap mapgirghiqo}. Jp spme
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cont am nati on concerns gﬁ) processes that involve 25handling
P

uncur ed cobapiosntseliprat @mf b¢ osmad@n@llésam mmandtdl &9) bide wayodl cheigaotked.

air fil t r t ai ni ng
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specification, wait time nmay be required for air circulation filters

of the dyEperadgntherciean sertipB6a%ist fromthe air.

Operations are considered clean if they do not violate clean room requirements and require
being performed in a clean room due to contamination concerns (e.g., processes that involve
25  handling uncured composite materials). The clean section 630 may include an air filtration and
conditioning system 632 for maintaining environmental conditions within specification.
Generally, composite facilities require 400,000 class clean rooms with temperature, humidity,
and particle count monitored. The equipment and tooling should satisfy these requirements
when moved from the dirty section 620 to the clean section 630. Should the clean section 630
30  fall out specification, wait time may be required for air circulation filters of the system 632 to
remove dust from the air.
The fabrication cell 610 includes a common end effector positioning system 640, movable
between the dirty and clean sections 620 and 630, for performing all of these clean and dirty

operations. The end effector positioning system 640 may use a plurality of interchangeable end
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The fabrication cell 610 includes a comopn end effector positioning
system 640, novable between the dirty and cl ean sections 620 and 630,
for performng all of these clean and dirty operations. The end
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t hese exarnpligsixig Hetfamd, ofaf eodoplatpesist andriitewprsplsifams 640g psraldd hfnegaried
to liver.a selected end effector t 0si-ti0 al ong a path.to
per £5r moprely SRR kB ET Bty MRl ekl B AP Bl bk
(e. Ig ,  aiugloass (e\kge,lmiﬁ:iﬁoﬂs). axﬁ:&elhei’ &Iei;e()déx,amﬁlek,ftﬁﬂﬁﬁiﬁffebl@ﬂg@itﬂfniﬂgrsgkﬁah,640 is
utilities,.quick-release co i . 25The end effector posjtioning.
system 82’5‘3%?‘1&8\91515‘{6&35 F‘iﬁ%ﬁ‘%dteﬁfggtaf oA POSIHAN OF fgpe AR fooRfEfor dfs GHgtion.
630. In @ﬂg@atﬁ@@aﬁmﬁmwwﬁir@ﬂ%t@tetg,epatnfgresmﬁdchy,%waatmEtﬁme%%n@gxf

be noved by a nmachine rail system 660. |In other enbodi nents, the en
ef f ect orfrapdsytiitishianigks¢ierse sp@di0ehay be noved via air bearings or

wh 695 s, and Thg'ggio%’ffégﬁh Isi 1 mgg éiy&@ﬁ%ﬂr(}g rﬂBvrh%feeclet&é%ﬂ ltl?ersld‘lgg %%& %lgazloseétﬁjns

provided to su nma tool during |ayup.

enbodi méal snd §30e Inmeerde ehbadiménts wiepmdteffasiyr pastiontlg sgst¢rabi@méy De toatd bisa
noveabl e between dirty.and cl ean sections 620..and 630. .The tab ma
e post fregip a! wib by Bl i RbegfEhlsy S AR g oniT Sl i be
ef f ect oingves viaiabihegngs vs tvheal §40d mey [deelicoasatoned.wi t h sheet netal or

ot her material that ﬁ)rovi de§ a sm)gécgpsurface for cleaning. The end

ef f ect or poéi rflzilrtsi]rﬁ Hﬁ) §'§P;PPEI§] % BPTHd Sppport the mandrel tool during layup. In some

30  embodiments, the mandrel tool support may include a table 670 that is moveable between dirty
and clean sections 620 and 63(. The table may be positionable between machine legs of a gantry
642.
The end effector positioning system 640 may be covered with sheet metal or other material

that provides a smooth surface for cleaning. The end effector positioning system 640 may also
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utilize polyethylene type plastic as a protective covering. Such

pl astic may be easily renoved for cleaning before transferring the
end effector positioning system 640 fromthe dirty section 620 to the
cl ean section 630. This all helps to maintain clean room )

requi r etEReespolyehdegdy ReRbSEE AehPIStecHYRveing Soigh Pestimasbeeapihsier@usst |
SUP P doQro high hERFElraiRAfin SERBIALER (R hBG Hifd %sBRCh48lRATnmE 8hlY QA%
620 and?%g%. ]'P%gse d(g%rs al}"’e desi gnegj Po tﬁailn%%%sn envi ronmentgl .
cont r ol $26 &t the elsarasestion §d0 Whak 41f letmne meondh tleanwonifheuigkwals. secti on
630 may be positiv ressurized keep. O st an I

cont an nant & e ShoALERE A LES 4 S8R FHb 07 P aBniRme depisea
ai r| eck thadiitg Bnd@lyaneciidnx 620 end 301 tTabdetlookhee ddsighedto maytainralideendatal a

chanber with two airtight ors in, seri ich do t 1 Oopen.

si nul t aifeRRls Pervpen a@@ﬁgwsncﬁ RN OPSIB R ﬁ%ﬁ%ﬁ% Schan gﬁg@%@ "eopl e
and obj eedssurbel veieRp Bulu@Sad oty BStAhinaltsl i ts surroundi ngs while
mnimzing the change of pressure in the vessel and |loss of air from

it. An airl desomfesmbnginantagedrdics ASYmaY gisludagn pilerl adich Pt hedbied or
seal ed %Qﬁ%@’f‘ﬁéﬁloﬁ%@ﬁht o%a%wﬁlp{wo%ﬁ%m RN sé’)'e%tuﬁﬁgh%%o@-s

it when“transitions e sections 620 and 630 to keep any
contl@m rgat smolitneofsly.hm geherah as eidbéloperB B0 the Pftege ofipeepte ard fhjents between a
clean section 630 to.the dirty section620 he cle cti.o i
openca. FrEAERRepE Lt Sfrdiulin R P)E s b T TCR RS e dER ot
cl ean) i16ssmpyie Grohit. 0OA R higloak hdvagkan dch@rdioh dagigsmay ilclndda@oriitde shlatl, t he
dirty section door is

opened, and .the end effector positioning system
640 | 5 rFOVBEETHR GOYRRIG PR, %fg%@éﬂap%ora%%y%?ﬁle&ﬁiaffw*@éé&ﬂp%ﬁﬁmﬁégw%%the
then shuteiof@B20MIEITORE kép QY EhRarflinkitY 0@ ticQileaf 36foR sblie cl ean
section 630, the dirty section door is 20opened, the end-effector

posilBi oni ng Feympesmastromihe elpan sgctiqnyG38dy thiditty sectiientdptagiclpat ssciiqyedoor is
airl ock, i £ i e " i 00T
ang glgga§1 bfikoloriREibRfly AR b£) GlRadad tag £hHan pead &Smh@'

is al reaocﬁ)y cf ector positioning System 64
cl eaned afrdncl, the pleat gctivvéoas tvsbni, Hgslidy ecer dqppedpefidd, ahible eivecfEpsr em

640 is wi ped down). er _the.enyironment insi the ai.rl ock .

Val i dat daogeree aiem PHLS nardECie B ol " 3l PR By s
ef f ect orFop@sivemenifiogh Gy dirgmectudk 629 tortheettah Bdctioh 20, eleatiny 2hdacidod s
630..  The fabrication cell 610 may al i nclude a nearby curin
sectd%on W9EFY Bxeee@mﬁ?@ordwéwa@ns a%&%a‘g%iwqaﬂus f"ée&f?‘éigg st efto tey
sone enbpadresdshe 8ik§ s&dfoh ABoSIE Blob AN 1R ULl BN IR ﬁb&d@al@éﬁﬁ%‘ﬂb%bﬁﬂ% &92
for curing prepregs under heat and pressure., |In other enbodinents,

the cur iafgcioepesitionimgogystaamp4p ictlerted e oveiRctbg4oTesinge geiskiipped off, and the
resin T GsRbah A nEd HAPS! AIRRtneRhyPifRhehsH0 MR BidRlic AFRLENEILAL e

out - of - ocl ave processing. e curing section ( .
pr ef er abllsanae§tmoelntr is optred, apd dlzrend etfeétonpBBOninglspgan p4disinmvey into the clean
Si n‘;%l)?l fi est.ohabg ling logistics. The tool and or panel may be shuttled
to tfe dut'd e on heat suitable castors or wheels on the underside
of the mandrile fieRhti@ cellbl1@ ntglalsy ithdsiegneably aunnd dest@NEd0dot @eihgvethe face
cure. . .
sheet and replacement panel. In some embodiments, the curing section 690 may include an
autoclave 692 for curing prepregs under heat and pressure. In other embodiments, the curing
section 690 may include an oven 694 for curing resin-infused fabric under heat or prepreg
30  material designed for out-of-autoclave processing.
The curing section 690 is preferably adjacent to the clean section 630. Close proximity
simplifies handling logistics. The tool and or panel may be shuttled to the autoclave on heat
suitable castors or wheels on the underside of the mandrel tool or on a dolly designed to

withstand autoclave cure.
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Nondestructive inspection of the cured panel may be perfornmed in the
dirty section 620, provided that dust does not interfere with the non
destructive inspection operation. Nondestructive inspection may be
performed in the clean section 630. The fabrication_cell 610 may have
a rel ati vel Yordegiryctive gepacting of e pardaimehpap Rapgsfoamed inghe digy spetioh 4%
cel I fop,dalf bRl BodsBE AR itPRRGLS dd8ybiVeIfpaioBpkiafsn, [ about 14
nM long, 20 feet [about 6 mM w de, and 12 feet [about Hrﬂ tall. Such
a cel | Mapddstuaiva ifspention arayde periodnrdtin ie@BON septon 634.eet [ about 450
n2] and a cejli hei f 25 fe . _Jhe f

the fabr carPolibleatph 8bs Ry A0Rd%  fad GRL w1 bif, BomddipaaRbisbte
f or §he fabeicghin cah orlfaatthig @platdheene paherfaf &etods 45dsdtfabont HogmEleat O feet

640. The relatively smal| faootprint b] es |tiple fabrication
Ocel | & LGB BiHer P Ree dEoa # P b E ae Bk s g 68 OLahhg P
| arge cghdardRbMBbm@BSt MECHEE cBlind htighdf aBANDE et f2861t!8 th) - The floofBf the
advant age of the fabrication cell 610 is that it may be | ocat ed

r enot el Yabricgiantogh 649 mey he flainiih pdedndaéen ssiffigens fos thegvieiehtend fordingof {he
For ins I i | | t j :

or ot hor et B R R G T e B e g e HbeRln

| oc40i omelisao bs caistnitéd galifferasllogtistsiicgeadwf fsingle. layge celblediapdongfructed at a
transpoq;&i en%ntr%r}gci{ieduces flowtime. This further reduces down tine.
The fabrieation celt 610 may al so include a common controller 644 for
novi ng t he anddemiwgebdthe asichii@nicild10 ystham B40bd lecaged regarey frol4R) aircraft

along the rail system 660 and co ndi ng the, end effector, positjqnin
Sy st om B0 EEEES P PORE St Bodr e gpabaarion e b EBR TRt
20 644 pRYirR8t sefhR 1RGN ThdrE aRas REIPBE APRLAY TAB diosdrbaiibi Sived @@lificant
Thi s programm ng and sinul ation tool nmay be designed to provide the

nec &8s arlggiftiss e9sfice 2o Rackpaing dranspayidn g prdtedpges flopding sEds (ther rpdycpedown
fabricatj,pn cell 610. Reference is now made to FIG 7, which
illustrates a nmethod of using the fabrication cell 610 to fabricate
bot h t he | afbpfabecaioelcell 64} manelse inelude pkeawoe pontypdaeddd ing mpyiog e 200,
the 25coptroller. 644 recei i nstructians f.or fabricating the tool
and panele S STiRE kTS RS B ibhey B B ot ST Bl 9 o B e
posi t i orhdgffayatpestionfy tBteaeb b perfcnetht et igl dngopsaidnheThedonat b
end _effectors tq performtheir desired functions. Far.a hole drilling
o2t { Gat 81 bt s W HEPPL SO OO HCFIGEmYEET el TP aRgRETS g he
drill, fse@daddti6ol iBtaldeaonSING BebvicdEe fbckdshryGisehiblidnd $é MChH @FBctof9pes
mlling of a tool or edge trimmng of a part, the mlling

end- ef f ésedowitignithedabrisationend] Gy include the path for the cutter,

angul ar pos Rk fefdhce [sH R 15 BEED, wAS il &G ek %%thoﬁgﬁc uﬁrﬁé 1B #brication cefl

pl acenent en ector, the instructions may i nclude the path for th

head, arfdQktafabpogd batothe layvg ncantireh gl ardidhe wptmaerdent panel.t Aebldelf T Bt

O o BRSO M ol MBSAILL P Mor i

The pr oghiadommehdand tisd ¢nidlcfectonporiiuing sgeeh a6 td dekeci dndteffacibisand ufertben

engi neertng Il Metiod S perform their desired functions. For a hole drilling end-cffector, the
instructions may include position and angle of the drill, feed rate, rotation speed, and drill cycle
instructions. For milling of a tool or edge trimming of a part, the milling end-effector

30  instructions may include the path for the cutter, angular position, rotation speed, and feed rate.

For a fiber placement end effector, the instructions may include the path for the head, angular
position, and cut and add commands for the different tows. The instructions may be produced by
a programming and simulation module, which is designed for the fabrication cell 610. The

programming and simulation module derives the instructions from engineering definitions
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associated with the conposite part and tool. The engi neering
definitions may identify surface geonetry and features such as hol es,
trimlocations, and ply boundaries. The programm ng and sinul ation
modul e takes these requi renents fromthe engineerjng definj tlf%su%ace

conver t 8ssppiaissl WA AhG GoERORE haghred f9pkt Thasnaiscipicdiauions Bypy (48t
Fabri call o8k f@allges SR aé:mésr erﬁ fcaftdd, DOy REKEGIE EFnd Bet amming and

instrucfions to performthe fofllow ng. At block 710, a cellul ar
st r uct usienudftion peoduleyteles theseireahirenegsits ﬂr@n Bhei engineqring|definigipr pnd esaneriribiem
machi ne Q Lt
4 ‘d{
mach Coﬁint% Fhstr oAl [hYcABE b h2Bes V\%Qgﬁle%%{&%@g%gl%l&mﬂtﬁﬁ% camxﬂ&% d
cuttBngekmtesdremsmuomlertops:rﬁjrmthmfoelowmvenbodl ment s, the header boar ds

gzeg& 25 ig{l.ggll%dk 9&%3 ﬁ%ﬁé&tﬁret tl‘f‘%gyo%gﬁqglldgql 1".:0[8. gg%’ullwgl‘ﬁeg}%th tfoam and

resul ti aghchigkd Wl tBe disl setdobr Ehé Byassenthélagolang teitulleditnediipdstanadeisi ng
di spensed and m xed [iquid, blocks of pre-cast material, or a

conbi natPYAS tHMEBY et Pt dsticatting tool Aea T Eof cysgme sBePEimsAtng
syst em Gd0,5&l-®6hrss Qia%tl: Lés&gblgﬁ]gn ehd &@&r@fi td 4 RBVDR AN BB R moveable
station 650, loads the mlling end effector, and machines the foam
and 1Beadshle Hoeordes” ﬁhr@oé&hdn@nﬂr@bmk 15posi ti oni ng system 640 then

sel ects and . i on
ver 11 catt on o fiss BARRE s0fRte \PRG AR RA L ARG Rk p RES

r ei nf or enirgl liquide lbﬁ)ckmf pie-f:m; mafehelebr 4 sonhldnhaliou pheoevf t ﬁellcminglbuiewp, the end
cellular structure, in the ean sectjon. ,[n.so enbodi ts br
my b GFEHRHRHORYE S 1 S e AR B gt S i st 3R 656
di spenseghdt alhiflinFayd BEe@st atymadhindk iHeabaN ked Bdatién HdgrdK nihk en®aftec?d
effector. The fabric naﬁ be deposited by an end effector tha

per fl&r mpositiowRs Bt ¢4 elﬁ@&é@ﬁeﬁﬂoaéwe)obeheaéumrﬁ%tae Probe headyfag location

(ATL) . lsatdheh oteffi?;?e@h&?i%tv%hd&t@gedn%)’;'ﬂp may be performed manually.
At block 730, the conposite matérial "is cured in the curlng section
€

690. A resi itblichged r¢infpoping Bbasuford facn shaeeisdeid mp oo theangphied egflulaty up
o cureduhBulE R USRS BlocAR ithaBlanRUBAL BXEL. ARpAUAL B/U hBrc L o

in an oven. ResIn e at I mately
350F f ordisgppmsiyg emateﬁ"e.ntaﬂ snd madlsbmgher‘abﬁomaﬁlk/h curdtyeniuittsoni@rutong kwofe end
foamlike mater fromthe ndr el

T e, Jﬂfﬁfﬁmc NI RRUE 5 i P i Y b iy Sommaiea R o0

740, thelfementSAEL] orf itdiaedtl iR aid? (AME). dinlokher SABSdI@BALs ARYIaNGCASF B Y
hand finish is also perforned in the dirty section. Appropriate

vacuum iBsrigrngdimagaliyr dust collection. Sealing 30 of the tool may

al so be per fQiiRd 7‘3‘@'tﬁl=9c o ARRLAds &R ﬁftﬁ@&ﬁfﬂ@ séSBh @90 O r&H-1rdskd
or manual process. ATi hed | ayup mandrel tool "is then cl eaned and

t ransf erla}em' is ouredhim thé @‘6@!11 @‘@(ﬂfﬁmﬂg fagwp p&n@ﬂ m g gptoclaye. bf geRutphputoclave

co syste 13 ch'r?ch 23" vgxp eRJs %H%Eﬁé; nrl) 0§t J:tﬁ‘!: & éB’éﬁHﬂfI’fgﬁ 350°F c}tor

mandre & “CI°éar sec |on
aut orrat |e(pajq} maﬂeyalts,hﬁd ergﬂeleﬁof BMI@matermhs |Ptrioom pmgt eymgetm 6hbn- Kﬂtmaterlai may

exarpl e, L & end. effect or) LIl RE QLBRALE @erhliohs Bl Pan
At block 740, the face sheet is machined in the dirty section. Any necessary hand finish is
also performed in the dirty section. Appropriate vacuum is utilized for dust collection. Sealing
30  of the tool may also be performed using an automated end effector (spray of roller) or manual
process. A finished layup mandrel tool is then cleaned and transferred to the clean section for
panel layup.
At block 750, composite material for the replacement panel is laid up on the mandrel tool

in the clean section. The panel layup may be performed automatically by the end effector
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Caul plates may then be placed on the panel |ayup depending on finish
requi renents. The panel layup is then bagged, and noved to the curing
section. 5At block 760, the conposite material for the panel is cured

in the curing section 690. At blaock 770, the cure anel _is

tr ansf ePPSé%O“c%& %ya@mﬁpt@rg@ml% W‘%‘z"@,eﬂ QCFCéOTttFC“?‘;rH?&H‘g"Sa‘?%P A TR % ar e
per f or NBghel layup mAY bObQEHmEShandaPly! OWi Nng trimming and drilling, the
finished re Iyacement panel is refmved fromthe |ayup tool. A

relatively FaHgiatgsams) therale Heced optheanelileywpalepentingg fnishrequirenippis. The
Fini Sheg%lgr]eﬁj[%%h;%is'tﬁeémggge%ga%n%dwp}hefchﬁﬁ §&ubp enable ultrasonic

i nspect en ector positioning system 640 may perform NDI
by s8l ecti ngt Ntk &t thefcbepborsndtahd &8 Yhe faat] iacwedpphe catnlgeedtion 6BheAt

panel | SURE &Y et P PR e B e e 10 e R A B s e

enbodi npadf&metihe painting may be perforned in a separate facility).
The 15gantry may use a painting end effector, So ddi tional_
e

pa 1 ng 1.
venti | ati on™ poFk 44l Ellpdnsstrimppipg sy drling thyy Eepetipppgl &y rgmoved

pai nti Ngrohitht R§usltdol. YA $Q&4VeBNarge panel HAS bk R ARIHI A f1ih OBk AN G hE FiBished
end effector positioni ngi system 840 are cleaned prior to noving from
t he16i r Pyt ssgiaded an 82 BRI dixfie tocgnallp ukimeeniomsBgaon. | Thegnfl gHeaterPosidiPHB g

fiber i ' r . i .

depl oye b 60 mly BT OO R A R, LR P FEMA A T B
ai r bor npagEhgtdnedties to a m ni rum Conventional conposite and netallic
(e.g., titani ricatio hni gues na e used to fabricate .
Spi Pee dounfbbebi i En el I So R B R iR o PPk B b i
panel . ldp506@ie othedintRaisentd, ifeaaingiy (R be peMgnt ONe sepdiateCfaEiigyi Tie

] STk SR aa AL, Somhob YR BT Pbgne T e
25f abri eadvidid ¥acaRY pRhd @ nd difpRicpn f abri cation processes such as
hot form ng and machi ni ng.” The conposite fastening el enents may be

fabricat ed Be bowyeardreliar andhsesi eleqiprappisigning Bystena b4 bae eleenedipgges

such as gy - i egt.r i t j
hepect (AL MR B GHER 1o ld dRACH BRSO R i bt Gubl AREATE «
hand | ayigh fedfiornpamicel vaoagini coHedtiomaysemi 822 mhnbs dephoyedioaimmire dyst, possibly

ite. doubl filler d_splices. coul d be 30built using th
santUpr SHLEPIEROURYA KEARPHG PERE S AT 0 |ar processes as the

repl acement Cpanglional compdsite SRR @Ik MEALRIM) dalBRPRIIAtERjueSNa B BEised o
is not used. Instead, all og}gﬁrations are perforned in a siﬂg{lge room

For i nstfaftcate splire dopbigisand bR Hefenthior frieniedireriagin @t pagh 18 yerem

that is cgibiipfeaG! @aYinhFadlBHifY Abikk, 6/ @AMPoSRURARREAIEAS Bf 4 &Sbinddoh SF
enbodi ments nay use tenporary/di sposable coverings that are placed

on machitiéuraael ¢apertosiyy ksigning elkmenss tag e dpasarfhe Elsments aindp ef titapgm may be
o8 THL L ANE AL UL RIE Fhk T SOUE. M B, M W0
machi ne The wbapeite faramngayannsits mayt feefabli@ad byeonveatidnal s@npositelptepegoni ¢
cutting fa er%gtignot%ch%lijc}tfejs Q&h%haegdi l%lru%; bag, cure, trim and non-destructive ultrasonic
inspection. Automated Fiber Placement (AFP) may be used instead of hand layup for
unidirectional material. In some embodiments, composite doublers, fillers, and splices could be
30  built using the same production site following the same or similar processes as the replacement
panel.
In some embodiments, a separate clean section is not used. Instead, all operations are
performed in a single room. For instance, the single room may include a dust collection system

that is satisfactory to maintain clean room specifications. Other embodiments may use
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5In sonme enbodi nents, the layup mandrel tool nay be built at one site
and used at another site. However, extra steps may include shipping
the mandrel tool to the build site, and unpackagi ng the tool and
setting up the tool at the byild sjte Fabricati he manpdre] tool
ond us? R EpispRat B spteier Hokds bt afinpiunend Byl SFid Retpdbet e

r educes rbt @WnipldYhe Wt Ay iRy pefyethiRnPaRe! S@ERcwiphe; doaersMeaichines and
fabric is deposited on a surface of the 1 O mandrel tool (either the

machi nededyinrnpereaformphbbrusadrersd ansd sihe ame machiprcanld perform dayeps mdbe
of the {age he&IDuse Ilbﬁlnjlggﬂgftﬁllttllrfg%hd ﬁ)ﬁ’@ﬁr}gﬁ% m@%ﬂfﬁf FIG 6 supports

the mandrel tool during yup. In sone enbodinents, the nmandrel tool
suppbrt naylibwmsteattiodinguts, thg l4yay mmndiehtoel hay bbb di onenits and sed ateandihet
tool may. be.rotated ring layup, .kn.t ot her odi ents, the
oo ot Sare SRher i Hey P A b EE Ealh Ao TR ppd "7
suppor t uhpdcRagisetie tawl mod stttmgaprien@nedt thedalild whe. | Babrieatini oiccinmgirdl itdod asd
are deposited gn a |layup surface of the mandrel .tool. Reference is

now mad&SPE e te SABAS LG B IEWHARHOBFIGSPIR T ENEHEOHI MMt of a

rotary supp@itindhQup 6f thgpaiRnatidehe £200khe8)Gabrit MEIFBHLH Bh alsOPiceBOthe
i ncludes a face sheet 805, which provides the |l ayup surface. The face

shedP somndie)iorhipihsriheypchinedspifacsof g hedes hepds/foampny ihe apld diag surfpee pf

may hav e, RAGKINITRURRRES 1dd? euguztahfshs 0t PE. %%u%)m’ts tREn iAol BRR g up.
The mandrel tool 800 in FIGS. and 8B does hot include header

boar ds. In some &hlgodirotras, yhesapplon tod s@periciaydestatic dpiinglhp820. The
spindl e 829%1{ 3 h&%r%%l%toﬁll?ljle%tsa&% Lél%anldrteftolopllﬁ?* Béjl%%g&i diiNe Ta B-.h fo tﬁgﬁle%gtlle? 820
m cu g y. arrpul es ot e

is not Ii e 0 any parti ar ‘geomne spi n
geonet r ieethodinehtigide bahdral @olappdrt ik diuile a eythiymiadee] ook aippaigu e support

ri , .and _prisns 25havin Qn-r.ectan ar cross-sections. The
P T & 1956 Rbotik ¢ Ban PR g b RGOS gLt B7 % SEace Bt s
805. Twenatt-aghment points 830 are illustrated in FIG 1. Additional

pairs of attachment points 830 na besg%govi ded along the | ength of
t he spi ndl e RglErenepismpgraae tp E&%S-s%e@d ohichalusigigan gmppdimsat of a rotary

di anet ers§1€polrteéqgtf&sa mblﬁi\féﬂ?ooﬁ 866 26k 1‘&9&&8%&% 180§9ﬁ[u‘ae4 £008 fiRet 403N hich
etc. e Iy t

wei ght , A face sheet 805 having roug e same dianeter as the
spi ndl e pe@dayalye Ibwiprruciatee Chdiface shdey S omahbavatintaghl stidiening tlBEQEhGs t he

R T s T T e
(whi ch itsol ShoWFIGS. FA Gnd 8B)doed ot fieitde ediledbomedst s, the attach points
830 may i nClTHg ?otgrglngpVgrttSQOglpcrl&% Q s;?u? 12%20.%11&5%81%1582%)?5 rotatable about its
longitudinal axis. The spindle 820 is not limited to any particular geometry. Examples of
spindle geometries include but are not limited to cylinders, rectangular prisms, and prisms
25  having non-rectangular cross-sections.
The spindle 820 has attach points 830 for mounting a range of face sheets 805. Two
attachment points 830 are illustrated in FIG. 1. Additional pairs of attachment points 830 may
be provided along the length of the spindle 820.
Different face sheets 805 may have different diameters, lengths, layup surface contours,
30  arc lengths, radii, weight, etc. A face sheet 805 having roughly the same diameter as the spindle
820 may be mounted directly to the attach points 830 of the spindle 820. A face sheet 805
having a larger diameter than the spindle 805 may be mounted to the spindle 8310 with an adapter

840 (which is shown in FIG. 8A).

In some embodiments, the attach points 830 may include tabs with through holes, or tabs
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wi th tapped holes on the spindle 820. The face sheet 805 may utilize
a simlar set of attach points or tabs can be directly fastened
(mechanical ly, for exanple, by bolts or pins) to the spindle 820. The

o and PAIOREC FPSHPE R SATRATG: SBeioaTRe Poripy Lirporsieetost tfthor
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acconmodBifrdledre Famedgnice destavnsallond she fegs fhee SHaroabrcsiheitRled taged
nmay be addedqtiRnARd spigaeees fromthe spindle 820 via attach plates
860. Spacers 870 nay be | ocated between the weights 850 and attach

pl at &s 860. Tihetap serwes 339 Gurigy inpedessaachdivstaplcpeierbalpime selftem dercdjusfing
t he wei 0 ' f L1 I
oot . SRt 01 AP e SRR Bl G BRI, AaSiBho L ARk
wei ght, fapishatt 803. etginkerbdlocatieiphts@50 hing bk addedab et reBdSeditomhlee sppidiedd2

count or 5 BAE! Hge® TR SeertsupenitioShrd PurBCrubl Tl dont aneh pimie

adapt er $600The shatdis 87084y kShedMd intrepRalnt @ihide oFih@Lwe@%)ts $FUYFr € the center of
determ ned. The center of mass may be determ ned with conputer aided

desi'§n (esapindict20iar wditgnglgperagnt o Fomsidesationy for paiptesbalansang taelnda teet/ lnyp

the wei Ghtsht 8pd1enbRiE 30 B360h RSP RE! $5B00he SPiRIR §MERR spindle deflection.
cal cul ations, the anmounts and | ocations of the weights 850, plates

860 and spafeepstogedomuyg e cewtt¢rhalamsang, the cempreofenass of the fase aheendpsandfihe
oo o i 6oL SRR bt IS ERES8S B8, B0 M5k s
headst ockay@80e@ndintdivits towfut&dedeaigp (SAD) arisvand. A hentaveif ghiksmBbheabe
dj ysted tjion . i 20 initiat Qwi t

i nitRa Cghaed Kahe HeReys AL e R0 cond <PHERTP Biom et BBy enout

i mbal an@gounts and IBediRhE BE@e wWeiARVESUBSIRcd B60RInEspRers\ @D hhyibkebishirat es a
rotary mandrel tool support 910 incl udi r}‘% a spindle 920 with

count er bal af@fiigeR¥E ety AT HPPOSINEERSPITRlS 2P ghile jhesioppsrlangipg is being
i ncl udeg,.g@at %%l%nggpamﬁlgitﬁéstp%h% 2805 ﬁ{?ﬂed@éﬁ%&%gﬁ@s@&k%%@%ﬁtaﬁ§gck

for rotating the spindle 920. "The spindle 92 e renova

mount ed 3P0 Thepdsias pi fé_@ #sigdBE5P ywrdndfusted Sa!‘{ttﬁim@ ithe Spirdiee&ﬁl_o%n bsmitiated
var §0ng 0t RRRA rcE i GRSl Rt B R i TR i sm
970 may i ncRaftecnae tseiow'srnminim@mﬁx;hmﬁihsinmstmies b totagynandel wdbsuppact& or
segnents that are added or renoved to achieyve a desired length. T

coe nar o e iy B S et S etol aRf fudthaaaBERt | B eSatusant Do

di f f er enficlh®@B gédAStocioP3e pERGLIDGIOMAlrbRLSd Bee Phtet R MR FdfatBRVIRS le 920.
(i.e., distance between the headstock 930 and the tail stock 940).

I n
some entSGIPHBHES20 fY bhsrrovabl eriipied i e dasgiates S mba pplieskatisehasmy Phgs
feebg[alkgyt 3 M to 50 feet [about 15 m. Sone enbodi nents of a
rotary support herein do not include a | ength adjustnment nechani sm
| nst ead, t hdhgpitardisepposy? 10 éncludeed leasthadmastentimethangmb 70 et vagdpe spdglle

upon, PSSl o SYBNTR o oo 0 A 3O IR TRy 50
890 nmay npehadohedritonandclnégnipueds dirsepmetiethaoare hdideh al st ed wsichiyO8 Qesisd
needed. length. The spindle length may be adjusted to accommodate face sheets 900 of different lengths,
30  depending on the size of the work envelope (i.e., distance between the headstock 930 and the
tailstock 940). In some embodiments, the work envelope may range from approximately 10 feet
[about 3 m] to 50 feet [about 15 m].
Some embodiments of a rotary support herein do not include a length adjustment

mechanism. Instead, the spindle may be fixed at a maximum length that depends upon the work
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5A rotary support herein allows a single spindle to be used for a
range of different face sheets. The different face sheets, in turn,
allow for a range of |ayup sizes. For instance, the | ayups may range
from 3f eet %Sf eet [about 1 mby about 1 m to upwards of 42 feet by
20 feet © 13 mby about 6 nj. G ven the random nature of damage

to an ai r Cr ahtadjuk @Bl 26@BDA1aRBRY S DO maR b8 8sc@1E takEPMdrice adPcdMdr bf mass
take on djifferent shapes and sizes. Advantageously, |ayups of
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face sheggtj.and perform ng counterbal ancing for stiffness and center
of mass to satisfy nmachi ne bal ance requirenents. During design
of the repl dcetmniupperbérpintiewpariepledpinilaite b@useé[ﬁfs@irh:igsafﬂtfﬁ:rw fich of

t he tape, t use uri site That _panel

o 1§ St ey E et gAE oo Tl PR e &Y il FRE g

t he ori giynpd mpaneke frbi@\/%aeeby 3featinb@at indby sp@ed mTey upeardisiiedsa dy 20 feet
during I i der tape. By using w der tape, layup flow

times nlﬁ%yogglféd’&g’égg gpwce | aydown is faster for the same nunber of

tows in a CoiWehehe rhidihalek of aRBadtay a@l@&aﬁ?'}ghﬁc%nﬁﬁwﬁéls k@Y MBe A%a fepair
fabrication option. The wi der tape may provide a faster nmanufacturing

sol 4Pi onvil gake o diffessnt shapat wudrsizepraf feantageos|yataypesrad differest sizey andgpglonrs
panel s 'rﬁ ge%?ealeﬁ?ggﬁﬁ;?y re%'fhéME a@cﬁﬁ&'aﬂ@ F%&oﬂggkesﬁgrbhgﬁﬁg%%or fstlffness

Ref erence’is now i ch ustr
det er m mhtgendief ness twsatstfy ma@mlaimjanbereqsm@nemﬁt bl ock 1010, an

engi neeri ngdef | |t|o re t acces
addition t oDélf)% I ?Sﬁn I the et Rr T en? nfsalghr fﬂglgée]%ﬁfélg et 1Ry, ’F%%‘%‘H@?‘H@gﬁ@?ﬁ
def i ni t itlgsn wilh e adea@udleg ¢qu:opnta)lags;s THaegdnkl m‘&lit@nslaafycspediﬂyehd eRiiasarent
panel. These process specgifi.catjons 2 i ncl.ude |ayup instructions,

pro ssﬂﬁﬁL?ﬁ@%?ﬁéiﬂBH§F&ESF§m@d?P¢ é%ﬁ@%@'f Figrtion s d&ﬁﬁﬁﬁﬂWﬁ%ﬁﬁbns

and lnsﬂﬁﬁﬁ&ﬁymiﬂﬁﬁﬁﬁ§éWQ@§m.&W%§@§§rﬁﬂﬁﬁmﬁéQ@ﬁb@@%tﬁﬁ% aﬁ%r@ﬁﬁ@d'be
al | owabl e devi ati'ons durin F own : %@ps angul ar

devi at i 6Hce laydewhis fases derthy swumhebaﬁawéwwéqes he widge talpawm alse egable
ki
wrin e?mf\ yamggﬁ?ﬁlcé gjlp?g#t'ﬁ ez‘gl’delata éroglg %?asgeq\ﬁ%gfagtgnnv

mat eri al I's appli eengln er| initron prior to
per f or msnlgtiomﬁw kensthonenntotin emalidr es flaientls.foy faléargatpaonsif dodindefiec trs AFP
tha WI|| c{ i f. material of a given width is laid down in a
spemﬂé%alé‘l F 8¢ Owélrifo arfdi'posi tion. Laninates fromdifferent width

mat eri al s hReRrdict fselenhaderc FERI 10akvhiek ifetrens dethbll Hf @t@nfinihy pR&haf

| am nates _nmay al sqg have different nechani cal performance. These rul es
i ncl ude vﬁﬂﬁﬁneﬂ?ﬁ%@?%% e 'Oﬁé A LHEINEENgG dﬁgwﬂ%efr@ YRGS PUHE (a
tape patyfcesiedC ngmma t§ %écﬁﬁngfma%?ﬁf mdrsﬁrzﬁcergagfntaﬂrm& dnl ga{ee&?gt RHRHRE

t he novenent of a tool ber placenent head) durin
machi ni W@Y@b@rdafm%ﬁ))ceﬁrﬁ@c 1cgféﬁrﬂns€¢rr¥k€ feplererarnt panch B@ﬁ@pramsaﬁpemﬁcaﬂons

al ggsi tﬁ,lﬁqﬁa@l ahdthRGo fé}ios%mg n‘;ﬁet@gs cg{étlyﬁmt@anseag&s%ffere“t

tape w orithns are not" limted to
rosette qahlgfmatld:rtsnmdtlh@ecfgpecatrfuyutmsr Bmssespﬁ(lﬁhanemstmwﬂ)kso denchiteadlowalble

path ( WQlermg}%ydugr?g l% J\n‘?‘n‘:{e%r Ilae%pesd a%§ atn angu?ar dev1a9 fon R Ltlacrgssetta) a?r;[dat e of
allowable defects in the layup (e.g., wrinkles and puckers).
At block 1020, a set of rules governing material laydown is applied to the engineering
30  definition prior to performing the laydown. The rules identify deviations and defects that will
result if material of a given width is laid down in a specified direction and position. Laminates
from different width materials have different mechanical performance. Different types of
laminates may also have different mechanical performance.

These rules include algorithms that determine tape path for each layer of tape (a tape path
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neutral fiber tension, where the sane distance is continuously

mai nt ai ned between both sides of the tape). The rules indicate
whet her, based on the rosette and contour of the part, material of a
gi ven wi dt h may be laid down in the desired direction and position

wi t hout iRfdifdet a seriey ehcapsdipgle RSitEcss drat Qg Rethe mogaRet @&f tache- %01 filshi ng
exanpl e o

B

r adi us iakgotithensshaildeeshing a[ihiliusmb&yeamg cdnhusefbleafalcbithffemt tape widdier Elok
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The bBul egiratien)datd d&&dalfp’ammmtdhﬁﬁ@&e&ﬁ&@ttfeh&ﬁtah Rpatintai@igiutesCastate of
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etc.) amgkwhgth of conposite material by testing on a flat plate and

| ooking for winkles or puckers that are within allowable limts. The
type of macRhalsssedicanwhehercbased prmihgmeseds and eongpur ofttbmarbmatenal of a given
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Lam nat e nechani cal property perfornmance ts anot r exanple o
t hatlOcampuberyp r(bmsmetdhé f(@mmy estpleg Widacthpeay stietapd will generalip h'cmeassmadiar
testlng In|t| . be ob ai.ned fro test?ﬁng
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applying the rules i.s a |jst of tapes ( g/ type and wi dth) that may be
used t o °F B Peuteermine whsiis gividerjaperviolitys g minimyay siefreigg radie | st may

indicate al rguahdard aRRed R6M d;%déssosrpe&ﬁ%fohs PRI dnhRfeal ﬁﬁteﬁaﬂ‘ drfdfmance. For
exa | e, consider a contoured or conpound contoured fusel a e section.

For 1Bhi $xgyaple, minfeum sigering radips map be @btamed fom g e bires MBuetia sysicde weayse
f 9 : t
or a Qesﬂ?&fn?e%l‘g felc)y nd %pélng N %lh;IS’c{e}ne Byt en&%f@{t@_gfoﬁgmgﬁg%% %@%?g%g?fu

1.3-cm tape ot’he er orientations (e
As a seofcrndﬂeemammkex;s t]hdherelv'vlﬁtm ailldvmhka lamily. ZFhenyie o[fataohme {lse8 agdrprongsde
material for_ al areas 30and orientati on

o
o one PatadEre 0 e, ruEedn folie) o P e o sede B e s o

[ about  Qafmikid hedtahichlpabdpesyBlifor@MNE: is another ER@mpPRoNO4la tHat fahGe pld¥ided from
enagl es the producibility (or manufacturahility) of the replacenent
pan P tdesﬂéb’tslé@} %“‘de’ﬁéﬂ“cﬁné C?‘H@eb%‘?“cte?{glga@ilﬁﬁm E;lefeglﬂricéb@"’é%jmaBQe obtained

consi dergondiedithg RAELASSudoRs.t ORE iMedhduiclian] Nifh hBEhASSEA Ofm tdi8ng
repl acement panel, enpirical testing is mnimzed, thereby speedi ng

up par tSulEﬂOWQ@fmtﬁoﬁf compplett agspeibléasr or are avoi ded. Ml ti pI e iterations
Consi der abl &4 st SFaPbER SPRIBNC R elEly e A8 A8y RIRRERT
val i dat |fdmcataulpﬁoamp@smh }fand IImmmminsfhmea,tthwbstplaqomh&t@:ﬁllduebleltqgs pa'r‘rpig or
F abfPcattRaorE Reatre e e e Sretndr cifudl -aipRebpyelase section
I nst ance®yr thas et thallist Ao ubads boadhi [Eisoue €5-k&] Widel tafefony ab-tightLfited
fabri Cato?’iel?tatlon but no more than a 1/2-inch [about 1.3-cm] tape for other fiber orientations (e.g., 0
and 45 degrees).
As a second example, the list allows a 1/2-inch [about 1.3-cm] wide material for all areas
30  and all fiber orientations of a part, except for one small zone. The list allows narrower width
material (1/4 inch [about 0.6 cm]) for that small zone.
The method of FIG. 10 enables the producibility (or manufacturability) of the replacement
panel to be tested before the part is actually fabricated. By considering an increase in tape width

during the design of the replacement panel, empirical testing is minimized, thereby speeding up
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repl acenent panel. These facilities have different capabilities
including, but not limted to, the types of layup (hand versus
automated) that nmay be perforned, the type of nmachines that are

avai l abl e, the type of end effectors that are available, and the
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achieve the best balance between (1) laydown machine configuration and tape width; (2)

engineering requirements for composite laminate balance and symmetry, (3) structuoral
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conpaction roller for a 1/2-inch [about 1.3-cn] 32 tow nmachine is 16
i nches [about 40 cn], whereas it is 8 inches [about 20 cn] for a

1/ 2-inch [about 1.3-cn] 16 tow machine. For the sanme wdth tow, the
greater the quantity of tows that can be sinultaneously enployed, the
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char s PosmusoRap e SRlaftey it T vorse tases gten PR e B4 DA RN A Komi2
det ai | def indchin® maf; provideamheddbdcHaEnt fopagien gmm edrsiguaticiet Wiider tapes will
definition for elenments for fastening the regl‘ acenent panel to the

sect2Pon likely havgmomgrhaligngesig cgmpliange, rﬁsswf\m@w WP CROPEn AT RIS Arent

detai | dgfduintihRidwsl8hicace $ikd ©6/s 206 LR} BlafrifiQian BE 1AC M WADaddBe faster the
repl acenent panel to the section.
panel can be fabricated.

Reference is now made to FIG. 12, which illustrates a computer 1210 including a processor
1220, and memory 1230. The memory 1230 contains instructions 1240 for causing the computer

25 1210 to perform the method of FIG. 11.
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7. The nethod of claim5, wherein the design specifies a one-piece

repl acenent panel. 8. The method of claim5, wherein the design
specifies skin and integrated stiffeners, and also at |east one
exci sed el enment. 9. The nethod of any of clainms 1-8, further

conprising cutting danaged material from 25the danmaged area, thereby
| eavi ng (g @pgni ng in the conponent; and installing the fabricated
repl acement—panel in the opening, including nmechanically fastening

t he repl acenent panel to the conponent. 10. The method of any of
clains 1-9, 1f urd heathadmipepiaiingg rewoaily dagassdater ofla perypideeatoamesiteyi a a
bonded r ' ) ' .10 I n.
Fabri catt A Rt oSt e Seo oIt e 30K 8 nEAL S shirdllay SISHEH
mandb el of telcompeheus ithegndthel doabprisimgt ed t ool for |ayup and curing of

t he repl acenent . angln Qéz. The .nmet hod of claim11, erein.th

mandr el tooﬁe“ieéangéﬁ Feat d‘“i“ﬁmﬁ“ﬁggtfr‘i?‘i“&?%ﬁ“ue6??1%98F1F“‘d°ﬁ83 %fefaplf‘ﬂ“$ﬁ‘8 sane
fabri cah'hmﬁ%e@akda, the dealf inclaliiag tdpeack MBhARRMA un@ARRIs- integrated Iéplactent
nmet hod of claim 12, wherein the fabrication cell includes a dirty

sect | on SERFIRRTPYFUHYR) 28 r ty operations on the mandrel tool during
fabri cat | onfaRghid fBaRRARI odhiient PoPROSKINAS RORALAUr ed: and 2

cl ean section for conposite layup of the replacenent panel on the
10mandrel tool . 14. The nethod of claim 13, further conprising
an &8d ef f et or Throsethedeli ymsly stheaeirf the dyyaiged seating it hencdlieos sompepiigibairgl

operatig&%bngpgﬁgdégil system for noving the end effector positioning
system and the mandrel tool between the clean and dirty sections.

15. The nmethod of claim 14, wherein the gantry uses a plurality of
i nt er changedbl eTkngethobofangodelsin b operWherein theeepdaementnagelds designed to

operati d of any of clains 13-15, wherein
operatig%gmfﬁnpﬁg&ﬁP?%§ﬁgg§ |%n i nclude trimmng and machi ni ng of the

mandrel tool and the cured panel; and wherein operations in the clean
secti on i nchudeTiramethod efjany of pldinmal-6r wWhéreinulhe damapged area is at least 2Fout PAem
met gd %fa &¥98f clainms 11-16, further conprising performng

nond3st raéei ve fﬁinspection of the replacenent panel after curing.

5.  The method of any of claims 1-4, wherein generating the design includes generating
a panel detail definition for the replacement panel and also a detail definition for elements for

fastening the replacement panel to the section.

6.  The method of claim 5, wherein the fastening element detail definition defines splice

20 doublers for attaching the replacement panel to the section.
7.  The method of claim 5, wherein the design specifies a one-piece replacement panel.

8.  The method of claim 5, wherein the design specifies skin and integrated stiffeners,

and also at least one excised element.

9.  The method of any of claims 1-8, further comprising cutting damaged material from
25  the damaged area, thereby leaving an opening in the component; and installing the fabricated
replacement panel in the opening, including mechanically fastening the replacement panel to the

component.

10. The method of any of claims 19, further comprising repairing small damaged areas
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18. The met hod of any of clainms 13-17, further conprising a curing
section, adjacent the clean section, for curing. 19. The net hod
of any of clains 13-18, wherein: the mandrel tool is built and
machined in the dirty section; 25conposite material for the

r epl acenEyit PP4ebIePHEPIO8$S8 up on the mandrel tool in the clean
section; the conposite material for the panel is cured in the curing

section; ang{f hencME®REd %?'o_f ERinRCDNeEEréiR ftnBattHol thy/ repREArh& panel
20. The nmethod of any of clainms 11-19, further conpr|5|n% usi hg the
mandr el inchisies fapripaimeiacastemdampandndec] gl andaisgigib Bpgcaesktoplder laymandt he

repl acenen onent . 21. The net hod of any of
R e !

cl ai ns eln ricating the replacenent panel further

i ncl udes: 5nmounting a face sheet of the nmandrel tool to a rotary
suppbrt andi2oubremphbdalilsyg thwhémpdhsmerdrel todiinfpbri¢ptedsio pdohrication cell
rotate t n I ‘s 0S4, k| [ rotating the
nandrelaF@%#Blgﬁssmkgﬁ%hﬁgggf%ggﬁébﬁg 8%§%Fg%ﬂ$gf?&§herein t he
rotary support includes a spindle and 10count erbal anci ng i ncl udes:

at t achi ng wadBghTke mithbd shdaer ¥, wbeehahs fsbricdtion celhthcludes a digy sécyibm for

bal ance condi.tiens are.satisfied ensur.e t.ational equilibriu
ot eEnte 3 oBE g i fbhd el AN W e P Ditet iy
fibers @and hes Heag eursihemtl a clean sectio® for cdiposie ihyad odfhe edpricaineit, pandl &h &hen
the,rotary support includes a spindle having an 15adjustabl e | ength;
and1QheP§%ﬂmﬁgﬁﬁting the mandrel tool includes varying |length of the
spi ndl e

14. The method of claim 13, further comprising an end effector positioning system for

performing the clean and dirty operations; and a rail system for moving the end effector

positioning system and the mandrel tool between the clean and dirty sections.

15. The method of claim 14, wherein the gantry uses a plurality of interchangeable end

15 effectors to perform the clean and dirty operations.

16. The method of any of claims 13—15, wherein operations in the dirty section include
trimming and machining of the mandrel tool and the cured panel; and wherein operations in the

clean section include panel layup and material cutting.

17. The method of any of claims 11-16, further comprising performing nondestructive

20  inspection of the replacement panel after curing.

18. The method of any of claims 13-17, further comprising a curing section, adjacent the

clean section, for curing.

19. The method of any of claims 13-18, wherein:
the mandrel tool is built and machined in the dirty section;
25 composite material for the replacement panel is lIaid up on the mandrel tool in the clean
section;
the composite material for the panel is cured in the curing section; and

the cured panel is machined in the dirty section.

-23 =



to accommodate | ength of the mandrel tool. 24. The nethod of any
of clainms 1-23, wherein designing the replacenent panel includes
identifying wdth of tape originally used in the section; and

applying a set of ru ove i ng e Ia down prio 0

per f or m ng é‘ﬁ 10 ?&“88 F"ﬁ‘?sﬂgﬂsﬁn Prigt ‘%t@?‘i’ia‘@é‘ﬂ iRl to
20used. fabricate &6n J&h@sm& laeshigs f&'f@dtéﬂr?g‘lthe i&?ﬁ'&&hé’htb%l fd%h@t?oxﬁlﬁ:ln@ﬁte to
devi ati ons and d%fects fromlaying d erial at a given wd

26. The nethod of either claim24 or 25 wherein the rul es |dent|fy a
plurality oflfabiireathedef a@épf glaimsgl—phywhereipabrisating thegenlagspmepiagel he
panel af, Hagindihiferent tape widths. 2527. The met hod of claim 26,
wherein the rules identify those fabrication cells that achieve the
best 5 bal anceopdingadace(shyetiof ihdonamdrehisiel ive robanf sugpetapidrounistbataapiag the face
wi dt h; &%tengineering requi rements for conposite |am nate bal ance
and symretry, (3) structural performance, (4) weight of the

r epl acenment ughanidk suppod t¢ Hyats freethndfel mahuhdct uri ng the repl acenent
panel . 28, nmet hqd of .re a|r|n arge area of one-piece
conposi te affPerERe é@f}ﬁﬁ%ﬂ?ﬁﬂamﬁ ﬂ'g]dt 8llorrpri si ng: generating
a design of a custom zed one-pi ece conposite replacenent panel for
repl aci ng t 2. deagabodsfataimtAiewtasinghe jongy sighpog inchplkas epimdie aiski n,
und | yi ng re | acenent . and stiffening 5substructure; fabricating a

| ayl é maAaEbalinse BEed di ng to the design; and using the tool to

fabricate tQﬁmﬁﬁgh@ggﬁﬁﬁm]Rﬁagémnmbﬁﬁﬁﬂ@ah@e tool and the repl acenent
panel are fabricated at a single site 29. The nethod of claim

28, wher ei nverHging palangefenditers ase @ﬁtlﬁﬁlfy’ tg gpUrpIPAtional savitibiwn fatha r ¢ y
100pefa%9&9§m@§“oﬁm dRRdp wJIQ%ﬁSH eraH k6at bf?ﬂaeggéé sﬂ% ¢ he
t e pane has e

repl ace panel ter t een cured an section
for conposite |ayup of the replacenent panel on the mandrel tool.
30. The net Réd Bie nethodwizdaimidly whereindomgiars supgod incdided m sinde bfvirgaror

posiki O%Jflﬁaﬁé!feﬂm@{ﬁ‘ b wsSh ?&ohﬁ@né’éﬁ%ﬁﬁ%ﬁt%ﬁﬁ&u&@%&% 1¥ndtP &t tﬁ% epCinﬁe

and a rai’l systemfor noving t ect or pos Mg Sys
and t he wnardnelodite tingthetf Weenartdnd tadlean and dirty secti ons.
The net hod of claim 30, wherein the end effector positioning systen1

uses a pl ur 9_,,[1_' t’}‘he meth CI & a%g%? glglan?sl £ 2? dhe?ecig ﬁgstigonrlgg tﬁ'lg ré%?aﬁ:&%n%%@e? includes
clean and dirty opera 1 ONns
identifying width of tape originally used in the section; and applying a set of rules governing
material laydown prior to performing the laydown to determine whether a larger width can be

20  used.

25. The method of claim 24, wherein the rules relate to deviations and defects from

laying down material at a given width.

26. The method of either claim 24 or 25, wherein the rules identify a plurality of

fabrication cells that have capability to fabricate the panel at the different tape widths.

25 27. The method of claim 26, wherein the rules identify those fabrication cells that
achieve the best balance between (1) laydown machine configuration and tape width; (2)
engineering requirements for composite laminate balance and symmetry, (3) structural
performance, (4) weight of the replacement panel; and (5) speed of manufacturing the

replacement panel.
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32. The nethod of claim 29, wherein operations in the dirty section
include trinmmng and machi ning of the mandrel tool and the cured
panel ; and wherein operations in the clean 20section include panel

| ayup and er

2755 “Wher 2P S etGeS iriogatereR dien AL SRt e RGPy BN cOmApRL b
t he C|€ﬁ&ﬂﬁﬂQb im®Asing:0or curing the conposite |ayup on the nmandrel

t ool . he net hod of any of clains 29-33, wherein: the
mandrel t oogeriegatzﬂaariﬁﬂeh@f RIERITIVEE ORFrPICRRCURRGSC EplapTBt Panshigr sgplacing

System RRVGha %Qﬁar@rzﬁﬂwcﬁsl ch ARludi &@eceﬂeﬁmﬁ @6ddrQihg replacenfeRNRRASifEning
material for the replaceiment panel is laid up on"the mandrel tool in

t he 8l eawbsyreeibieon; the conposite material for the panel is cured

on the mndrgl.ohool, | Ao the ENI NG SERT B Sal ! System moves the

mandrel too ure pane sectlon and 30t he
cured panelunﬁgnﬁmmﬂneﬂbmmuemenﬂmmmmmﬁeemﬂpn 35. The nethod of
any of cl ai enerating t desi | udes
i denti fyi ng™ FHE%?mrh %WP Fﬂ%?“?mﬁggﬁqﬁﬁmPﬁ9gﬁﬁgﬂgeFﬁe one- pi ece
conposite aircraft conponent; and applying a set of rules governing
material | agdoWihd MetBdd egaimexs; ivigrethahé sitetihdlndedt difyescteql foc pdrtinining dirty
angl to determ ne whether the tape width é.be i ncreas % grl r to

Pi anPgaql%Wd)B\mF mandre] tegd duran Heagop ang &b Fﬁ%mgeﬁ% afer the panel
one- pi eqgs GRARARHL Mdftsah 388 oR #IcBInps8EtLRP PiheadtpidehhBfadheldasd AGRIrel
t he net hod conpri si ng: generaglng a design of a custom zed

conposi teoly epl acement panel for replacing a | arge damaged area of the
barrel section, the designed panel including skin and integrated

stiffening &@s U*Pf%é MBI Eolai 0, B AL Andriifig ra%Bh@&ﬁrE%Htefchil&eﬂosmonm
according to the design; fabricating fasteners for the replacenen

panel ; systerg mrtarssqgmeawﬁlgbelclm adidatty spearionsiand aradearionmoring thetsyd
! eay 5 ng e?fnct&gl?e]o@!tfagmg Qﬁsttcgﬁ al?c?‘lrhe ?Aanﬁx%?{oe%w@e’ﬂqhé'clé{nﬂﬁhga g![ J&gtu;nla €

fabricated enin I'ncl udi eners to
nechanlcally fasten the fabrlcated panel to the barrel section.
37. The net Bdd Bhe wbépdrmBBains 3, Meueimtbmd ofentypr pesiticang sygtem uses a plurality

o B LS LRG0 R o hIEs AP ELE i RE) R, det er i e

| ocati off ar ea.

32. The method of claim 29, wherein operations in the dirty section include trimming
and machining of the mandrel tool and the cured panel; and wherein operations in the clean

20  section include panel layup and material cutting.

33. The method of any of claims 29-32, wherein the site further includes a curing

section, adjacent the clean section, for curing the composite layup on the mandrel tool.

34. The method of any of claims 29-33, wherein:
the mandrel tool is built and machined in the dirty section;
25 a rail system moves the mandrel tool to the clean section;
composite material for the replacement panel is laid up on the mandrel tool in the clean
section;
the composite material for the panel is cured on the mandrel tool in the curing section;
the rail system moves the mandrel tool with the cured panel to the dirty section; and

30 the cured panel is machined in the dirty section.
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38. The nethod of claim 37, wherein the non-destructive inspection is
I nitiated upon 20recei pt of a report indicating visible damage to the
fusel age or a triggering action that mght result in damage.

10

15

20

35. The method of any of claims 28-34, wherein generating the design includes
identifying width of tape originally used in laying up the one-piece composite aircraft
component; and applying a set of rules governing material laydown to an engineering definition
of the replacement panel to determine whether the tape width may be increased prior to material

laydown.

36. A method of repairing a damaged one-piece composite fuselage barrel section of an
aircraft fuselage, the method comprising:

generating a design of a customized composite replacement panel for replacing a large
damaged area of the barrel section, the designed panel including skin and integrated stiffening
substructure;

fabricating the replacement panel according to the design;

fabricating fasteners for the replacement panel;

cutting damaged material from the damaged area, thereby leaving an opening in the barrel
section; and

installing the fabricated panel in the opening, including using the fasteners to mechanically

fasten the fabricated panel to the barrel section.

37. The method of claim 36, further comprising performing non-destructive inspection of

the aircraft fuselage to determine location and extent of the damaged area .

38. The method of claim 37, wherein the non-destructive inspection is initiated upon
receipt of a report indicating visible damage to the fuselage or a triggering action that might

result in damage.
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