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Summary of the Invention

The invention provides shaped and layered composite articles comprising a
35  layer of a thermoplastic acrylic polymer having a thickness up to about 2.5 mm, or
greater than about 1 mm to about 2.5 mm, a layer of a thermoplastic polymer having
a thickness of 0.5 to 15 mm, and a third layer of fiber reinforcement composite. The
range of thickness for the first and second thermoplastic layers may or may not
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mold surface. Fibrous reinforcement material is placed on the thermoplastic sheet.
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nol d hal ves. The npl d hal ves have conpl enent ary
mol di ngh’swl?ﬁli gmbgdiment, a thermoplastic sheet is placed between opposed

apart mold halves. The mold halves have complementary molding surfaces such
that the mold surfaces form a mold plenum when the mold halves are brought
together. The thermoplastic sheet may be softened before placing the sheet between
the mold halves. The molding surface in contact with the thermoplastic sheet is
provided with vacuum ports for applying a vacuum to shape the softened
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material stable under molding conditions. Typically, the liner material is pattern cut
to cover the mold membrane and is affixed to the surface of the membrane with
adhesive. A soft liner also accommodates slight variations in the dimensions of the
shaped thermoplastic sheet that may occur during the thermoforming process. For

example, softening and hardening of a thermoplastic may result in some dimensional
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M9I£GM6WBW@M tﬁ@ﬂn&ﬁ-ﬁastlBlshmts With dibleptdifbroafent
5t hﬁda?érﬁa\i\'ggﬁﬁo@t R%T%i ﬁ\ﬁna partial cross section of a

ara W ng a shaped thernoplastic
sheet b@ﬁ lrﬁalseimnt@alfcmls@tmmammldéglf mtmum pogts.

a parti giGeRress Rk cRfss %dﬁgh%'fgﬂotﬁﬁ eﬁm«{‘ﬁiventlon

a shaped 5 thernoplastic sheet posjtione
mo ﬁlaowagfa SafitieT pywiect RierEhGsaHRold ReEpIaa? angip @Rty surface

I S ofa Padinb ﬂaS@dQ@a section of a nol d| ng appar at us
show ng e al. v osed a.
shaped FRd i‘fﬁ@p e D EwaLER g PauE R ofBetveftion.

FIGURE 13 is a cross section of a boat hull construction.

FIGURE 14 is a partial profile of a boat hull construction.

FIGURE 15 is a cross section of another embodiment of the invention.

30

FIGURE 16 is a cross section of another embodiment of the invention.
35 FIGURE 17 is a cross section of another embodiment of the invention.
FIGURE 18 is a cross section of another embodiment of the invention.
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10 FIGURE 4 is a partial cross section of a nolding

apparatus showi ng reinforcenent material positioned
wonoa/tbeaal e nold half with fiber reinforcemenPCT/US2004/001843

material. FIGURE 5 is a partial cross section of a

nol di ng apparatus showing a thernoplastic sheet

posi ti oned betweenDatamhq)e@mpﬁoﬁ sfeanvBhtbal f. 15

FI GURE 6. [.Ccross secfiron of a_nol ding.

appar at S’éh %&E‘i‘gogafﬁgﬁlé(ﬁ’é%on el RBAcHe § the ‘&51?5%0 sheet, a fiber
posthifetadentmaecdAnnd @ nolisig Rl ind §b1d foldBfm a composite structural
reiL{ll)ﬁorcerrent material. FIGQURE 7 is a partial cross

section of a closed nolding apparatus having a nold
Spl enum shewionpositsivaiseid! ¢dapnisoph diber wihwemeni eite filabent

re'r@&%r@&ﬁ@rﬁtma%&ﬂagﬁéﬂ RHat PRIt 1851 cdfn[[b ea]\%\?e'i]l%on-wovcn

Cross se

appa F%tllﬂ?éﬂesmcﬁ&pf%r P%Oﬂ%ﬁra@é@lenh@aﬁ%@ﬁagbp AVOyHR @t gon-woven
Wi trhate@d1th@be ESrRIYd Ttk SHd Merd HECRADRINS at%h@ﬂ@gmgnie& with
ial.cross section of a closed rmil %é rat us

P aWhLTRG CRREITESIOR TSH I Hh VS OVGILY RN SYASBEE!: MebaTiraY aieatial or

10s hesghthetié fiberb chxebe nmdnﬁ dicceiEoicement 1a%dre Nadral ﬁll)ers can include
os| RE. 1 IS a rtia

0oSGR. LAs AALTIND L SR AP Bl o

i s cepa ptdnaary @kldiss tlstezm i &lmltafrlyaﬂmthﬁénc fietrodinneeitidopolyolefin

t h%’lﬂepsv B8 §%Qr ﬁ?%%é nfdSRbdrs| dnﬁ%&h&%ﬁmgrrﬁ@astw or

surf ace (0] ane and a cosnetic sur
a tthemespiting f per masepls. BorthgrapiRer types of rginderaempny ﬁbers can
15havhélgdd Qlﬁ%sf%e@dcaﬁﬁﬁltﬁﬁe@sor(?fthél@ edlzﬂt’yeﬂ"ﬁéré)ﬁich aFlb%ﬁEﬁﬂe%s etc.
is acr SSGtIOﬂO h constrgﬁtlo&e
1 0 SR Gt 3R Phocss pE T iBgeRtion NP stichect as an
Fl GuleEod&r dxserior Gﬁﬁﬁ& lsmtﬂhaﬂ lpr@ﬁd@%d&@faﬂ@ﬂbﬂé’cbmh aPpearance to
th vent | [¢ 1 r Qss ti
ana S B oo et gp eyl ol e AP B Bty g into
a dh@k;lmns@c the@mos:d’t stnatuiee andeavoodti the ptobtdms inberent in gel coat
in ion. [
20, SRR, RS A8 A0 SR BB v
PCHhigsss af dprsdd mpdodid|rar, peafaning pant effabpre200 °F to 400 °F and
| n‘é@@frﬂaﬁtﬁfa@tﬁ%dﬂﬁttMmef 15r§@ récﬂa‘ﬁ%ﬂfa& g{betsm{ -Gh Y&l Rirﬁ‘xcthﬁ‘tg:an be

a the sti c..sheet, rei n ment rrate al

an dlpB “F%p d‘ﬁ 0?4”&% Hrqcﬁssﬁs ﬂ%tﬁa 11%"8“?1%? @Sﬁ?’aﬂ&l?‘%ﬁ@ § 1eets must be

st reuﬂtwhi@kﬂeabllel dind uSeffihi pmrcpkalsoﬁemtm& enid &l the ﬁ{mcﬂmg ©ferations of
or. cene

f nf or.cement o rei

25 a8 YRG0 TR e lrele pUss PR e bED AL ST Ry dnetyged in
northepeetting isetunepatel avoidsfthé pioblenpanbeéremtsnargel dament
MateehAbHastit B MO Y& MCh ORI Include sheets having layer of acrylic

film with a thickness up to about 2.5 mm and a layer of ABS or ABS-acrylic alloy

with a thickness of about 0.5 mm to about 15 mm. The thermoplastic sheet may

30 have an additional layer comprising a thermoplastic acrylic or ABS-acrylic alloy
having a thickness up to about 2.5 mm. Another useful thermoplastic sheet has a
layer of thermoplastic acrylic, a layer of ASA and a layer of ABS. Thermoplastic
sheets with more than three layers may be used, but are typically not economical.
The thermoplastic sheet has a softening point of about 200 °F to about 400 °F.

35 Suitable thermoplastic sheets may be formed by extrusion methods well
known to those skilled in the art. A sheet having two layers or more layers is readily
made using extrusion technology and is suitable for carrying out the invention. The
sheets may be manufactured in the form of large rectangular sheets or in roll form
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material can be formed fromthe fibers or can be

i npregnated or conbined with other coatings or resins
wonowhe7aeven or non-woven sheet. A variety of Paatuse@h/001843

or 10 synthetic fibers can be used in the

rei nforcenent |ayer. Natural fibers can include

;:ot mlamaaneaappliq':dJﬁo&nolldhfgfﬁro@ﬁ@@ks@tﬂgﬁj’le fdrH‘Sﬁl%Sing @bhdtRMtions of the
ro; r es under st 0o .one or di nary.
Gl Y BRI, B O ORGSR P Koy s A G n
i ncthedeofponipglogétations dnddn snolding pestationd fobérsing a composite
00l . . I _
Pher ek, A abouatApest dithe HEobIRISHLAR Mk i3an be placed into
3r ei hibgrpd feming ndd ghag ean achiavadhagrmerll auerallishagre, of the finishing
;:agh@m. f’FHtéQhemﬁEorﬁ{eﬁ%hap%tcﬁéfegdbtl)Yhié @W&f&ﬁﬂgbﬁ,vfgg{sg% S, or
i s, ..etc. e product .and process of t.
usefgfl%r C}lﬂ@&lﬁsp% g@f-‘t 4?%003% Sufacg of ﬁw extertos Apghic gplymar deyepr Such
surduataec Hayesretit ﬁb apsiosd @@sen &r{i}l@fg)ﬂlaﬂn‘dparlﬁﬂ&@ §f6|iv‘idé3a smooth
ap ce do tructure. The ther astic |ayer
hagﬁ}?{?e bsgrr%?el P Eltt ﬁoa © ey eiibgs 83%1#5’&511 Fﬁ%f g%ggyi nto the
101 ami nat eThebemugpdastis shaet mayde imte favoiod sut-dheetstadl, asib fed stock
i nher [ I ' ] r, ' .
e Ry Bffted G0 ikl MR fidtq. THEIRBIARLE i thermoplastic
t hiSBRe{ERY 18RERBRbOWED. i do AU nems Riollefeil sigclor Airect
of &RAsbn ARMOFork@n AR Qe rafy Amitdl S FBIHE tgﬁéll&regsdlemﬁgl? Sbout 3

formof | ar r.ect angul ar eets or Iinr formt
carBe OnE ST £45 TR et Aeeh fucewsuised upgulinished part
15 |h n\teqltifemvantsﬂ&iﬁahle;tm'mi.o@ﬂsﬁ@ nﬁtf&ﬁlsﬁnﬂmtﬂé A, PQ’gﬁ, !abz&ytlor?itrile
andl.. usef u r eno rations and .in
e sAPLe, BRoHRE AL 1 SIELE, QR o 0Lk )
t heolisirens, pelysirbenates sylohepdgameflatest prdymethadrglagasipolymers,
in . g ’ : .
R, 0 IS A M O S o
us dhermoplastinmajerialsiur As #liis vd dangihates. sExeoplaty twayleyerof
20acrérhfopldstié Matiriall idclhidd %@%ﬁﬁvhﬁ% gh%l\?m@?ééfer grtuﬁa A prising a
R

a l or. ABS-acrylic al [loy a I ckness

ayer ‘ff AB
of pgﬁvgﬁ{y ge-PormetBaciiate onan sxtylateraethaaylsbpropebmeer and may
s Eémluatﬁaiyleﬁ@oﬁilﬁﬁe ela»a_stoacédé ﬁﬂ%&l@dtomlay@éncfélo NPt e ABS layer may
t her i.£.a ic.or - ACr c allo Vi
DL A oS R A L 2oL
t h@pnt_@iymast Exengflentmitagalas indhadeean aofylichheetmpldasidecthe trade
aC r . » o
25351y A XL SobEAY B RSOy s e
be tigdesamp L A& RiB5 ead QU ARITRRbHS nbathicomniheally available
t heroipRkiaeth B.cBNRET LIEFIRRRI M DITRANABR 790 m a1y
OF ta %?eggt éo F., 35 Suitable thermplastic sheets )
e B G AR P asT BIYMEE BHishwighold aRd WEALTRBERFRE commercially
t hasdlablkd frblﬁgﬂﬁaﬁed}g_@?@rst(ﬂaygoﬁ,h\ﬁ@t TRCAGictpdRtidrayehs [@hinate
nore J.ayers is.r [ ._made .usi ng extr.usi on :
50 e bR EB S B Bl RS b et materia
i nveshedeonS AThe ARhdetissohdiyndse thestradeaetmer@INTREK) end or m
of : ' i
20087509 RE AP INE Bpd P38 By ne e MR OO St By gre
no LAY Erlbe edlaledigm Baye Gasp., Potshiugh, RanJheueenlastic polyolefin
of shde haviy BRIduSIHesiERESRDPRIAS i
35 eaSi l. %Fé‘i?%ﬁ esé%i 1 ul N ltq.1 %?%%o?%q%mo%@de?gf?g}%emauy
o 8vz|nﬁab %‘P%% i%ﬁﬂ:ﬁg., Elytan, MPndheseshagianaterdals are supplied
in various grades and a person skilled in the art understands how to select a grade
appropriate to achieve the desired characteristics of the fabricated article.
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structure. An inportant aspect of the thernoplastic

sheet is that it can be placed into 5 a thernal
woanwoare4eol d t hat can achi eve the general ovepairfus2004/001843

shape of the finishing nold. The thernofornmed shape

preferably has few or no bubbles, folds, sags, or

Ot her digte@néhp rfhe;gro&é%e oﬁﬂ%Qﬁ%nﬁﬁﬁﬁMvééffoﬁﬁﬁ eﬂbef e@hforced

rylic surface fl.aws
o ettt i s i P iaiigr oy 81“8’“%51151%69 iaygr Bimed from a
S rrtthdn’mopﬂm;tlé slieet Banifige elsiﬁiatosniemch]hﬁ atﬁylet,lvdﬁlaﬁera An appropriately

u n ' sﬁé%r [ﬁﬁ&'ﬂiog[asgg %E’eigt i '_in -EQE nttg eré%g alsﬂglgr%t?g m 1d in order

rmo
5d| rte @bta»yn @shapa diead co@fonnetot uhemcdcﬂ dnamerwg’ thmﬂirml themmosetting

t higghBesS T-‘ﬁe t&l&%n&awﬁsﬁereﬂée%ﬁ{a&&al é w&m{e 1%9&3 fitb egee

about 0,5 about i rect
extiPIaitgR qfﬁ%? WBFﬁPh g}laip@ 1@%@@@11@19 srqpm Hedh@ralo&onmng mold

S hegh alsh |b@Kﬂ@'§l§d be ﬁéat&d"@rh ?%9#5 pridte t@ﬂibe@ﬂﬁ*e &kéﬂﬁbﬁﬂtly Mtroduce

art w.l | ect et ness bas
g e e (RSBSOS Kbl s A O e e et Afing q qarefully
10matselectet $o nratdhudenmpBSturPVEs fubweitly It}(erthémndp@astls yhdee. nB1 some

aglroo:%tc%c%s ctH% %Eggﬁe[t&re%%%s ﬁ%ﬁé%hgt e%gﬁ mrﬁggoéﬁ gf { Fon
p°|tb@mmlaét1@ sheep OGmﬂba@Mh@mpéﬁspo ISW he premold step is

po'%ﬁ&ﬁ&é@ﬂe&t gx f&@%ﬁ% ?P%%@%%Pﬁ%‘o‘ of. %@%%noplastio

that may be a c I nation qQ ernoplastic materials .

s uéhef&@alapls@% digecthyairitadiced intodbemokt fpr founinghercopposite article
15t heyimik aetfoﬁnﬁ@ gf {hRlsBedt RChdtGRe- enﬁetdsme @Héé’ﬂ dafihe #Bned to a

| ayer and rising a yacr
ol oHRE RS HIEals 1Rt deqeditoie RpelRiHeY RECF 1 aisbduction into the mold
cofifday defiectiog temperatufmhmﬂbe ﬂé’téﬂhﬁiﬁ@d asbrdingtcas S TVEDS648 method

b
anqang llsa(‘?otn%gﬁﬁlg SB%qqg%% l?wlgntp Vel oéi B%fl}?icr}a@lly Ztr e,migr aﬁ
ac r yI at e?uxfebhamlsﬂngtfbudsclopl@ﬂs/ ﬂErmoﬁt esspisavell mtver foghese skilled
201 NG ‘tl%ear%hdaiﬁ&])ﬁhig%z 0 Vﬁl gsté%g detviidif f })k&%g epc;nf_?eryomdes

deS|gnat|on an acr
s h@8HngIpss, @fgdresine po}y@@&%n@\cﬁﬁo AtusapRlypmlsan@wmyl polymers

QJ/QBH PheiiiidIeid MhdcQnmmes irlkdoy caydld dlnler n irreversible,

gqggé%gx Jn%%% rlﬁ%loﬁog F%\%ﬁ%ﬁvg%xpjég&ﬁ@f gsefu ponester materials
PI tihcbdy RD-847A polglesWirAddirBoiRerdalin®ratibbie Ifom Bosich @Heticals of

Sor SCHBRR SR T B RS Sl By Bl Gl
e x tlemmnsiteuanfdaRaym@istod P og W ashih gtors ﬁ\&tPQiaY TeFTEh Ipolyester resins
in Q)J/l%ﬁj&yl‘%§é‘c@1ﬁ9wf(§?§ feg)%ﬁﬁblé %o ﬁq R&@ﬁ& g a

CENTREX nate s e tra e
nar}@%ﬁmlmt@nswom%aléwwl@ R fomBIS A Vyofaﬁfanp,albalb
f r ararBay 8adiEoEtmay be IncSREAE inkf¥he TSR MRAIASS é&ln catalysts
pol yol efi n heet havi n pr oduct desj %\lﬁitlon HDP ?ﬁﬁE
301 ppEEceBly ppddyiapagsss, TEG PSR S el PIEMATES, PPRSicrs and the
SPWEﬁéC@iﬂypnod@h@g ﬁgﬁﬂts Y inthels &rs e Bt meral &filal & daeoxides
supgl |Ceoslt i ga&r IS g%a g gint person skilled in
t he arlfy &n&érs%’ ﬂ%% HOW 170 PRt a grade appropriate
to achieve the desired characteristics of the

fabricated article. 12 WO 2004/ 067246
PCT/ US2004/ 001843

13



In general, the process of the invention involves
formng a fiber reinforced thernoplastic article

WbaW4mg7Elsther an interior or exterior surfacePCagse004/001843

5

10

20

formed froma thernoplastic sheet having a visible
cosnetically attractive |ayer. An appropriately sized
t her mopliashillGesh afludes tho¥olloRiHeaRmhRoms: pr ef or m

thermal formng nold in order 5 to obtain a shape
that conforns to the nmold shape of the final

t hernpsetting structure. The t her Mo Rstsibs wweigetper each 100
materjal can be warned in order to ease forlgqniﬁ on of

t he structure or-shape-in-the praxmlr‘l&fgn resm

t her npUosatunagdmpolystecemsiml so be warrred or heatléd to an

appr o%@&aﬂar@&ﬁ%%e to efficient|l y I nt rog¢1 the

shape—+nto—+the—+therfeplastie—sheet—A te.W“.PeTrwm for

pr e- npétgicng i s careful ly 10 selected to natch al00
tenperﬁi\%ﬁé?ﬁﬁ%@il rﬁi@ra{%%bﬁl@ﬁﬁwl astic shggt_ ;o n

some | T nstances erature used is greater than
t he sofarkex %e&(ﬁlﬁﬂéﬁﬂﬂlﬁ@lﬂtﬁher ni opl asti c sheet.

Gener aﬂ)Mdmfe%@B@ﬁdmpl astic sheets,| the pr quI dlost ep

is cpnductedat_at enperouuuc fromrabout—250—Fto

about | Asgtyacetrpide peppeiidasti ¢ sheet can al 8d 0@
di recthémmﬂl@wtmgugénm@em@&d for formngithg

conposy; W thout —pre=formng.—+f_the _sheet
i s notYpesall d,_the sheet can be |warnmed t8lg10

ten‘perpllasx[@maﬁa@gpﬁeﬂegs heat defl ecti | gn tenper glurg
priorffo_intr i d- Heat defiection
t errpe;*_]tgﬂgtgéél_ccﬁk @ag:gbpll‘lﬁﬁ%i Eﬂtﬁnu ing t &AS'?NI 648
nmet hodPlgamit (Backyrmonl y specified by suppl i e0g -afo

sheet UI tabl'e molding TTyids 1ncl
t her ni 1 n}Lé}\’hlé well known to those skill erdbl'q7jioi_n

t he arAllyhdateciol velep@oldyest er, vi nyl| esters, 080t ybilc
pol yners, polyepoxides, am noplasts, alKyd reéesins,

pol yam des, polyolefins, polyurethanes, vinyl polyners
and pherdicicompesiiqinokimt appatatuseor tdreyiep butcthp ablertiaf is
UNQREQAAL ALY +§11§T%eye§{a%a£ﬂ1§an ISR s teBE b \ins.

reacti on ng exa use yes er
natfepiageable meld pgmbrRDeSRIPAL nyé@tp@rlsw@gmdweasﬂy replaced mold

CORWEAC fol i‘n‘xikﬁi %hﬂ)@bl@e Artietey Emﬂg BiffeRHTsB a8 oPglrrﬁﬁ’y to replace a
Col unbus .OH, STYPCOL g e resins comrerci.a
av TR ST R DS RL T 6T ing opLig AEYeE igh 19dsseribed in
WA i (g tumnn e0VAD,, URSLPEdnt Nop o3, 9’%517@3’ oreIs|1s anW6§257§%]6y [ éhéhe
CONNELS ei c nc. rha
B 8l ity YR Bl S b R RRL NG el i T B
DSMlBireteddhroggmpyt thet Bgures shesingpuiswaddd binbedinrenys dfehe invention.
I ncor poxgled th@hﬁ)l(ﬁlﬁ étgs (Qﬁ e B@a?‘aﬁ@ o m%TO halyes in an

cat al ysts 30" vi scos fg
agORPEsE @pwéwwnﬁh@ ig.d Shewa@ fFiap @,ldéﬁizfltm?élaé’r@pkléd mold half

Vi Sg@ﬁhﬁ% alaeh JﬂUpﬁQs&@gﬁ’le%a%é/ 14 DRl 468 s@l,%ip THe Bldalalves are
OX| es

Ss a@ﬁﬁﬁalbg@ ‘ﬁ d;}%ﬁrg?%cmi nl%vg %!@%gésloé@ gleﬁé)p osmgn to one another to
PCEELIS2H) bl DPIEBE withse intilichr 6 Shtitidarcthe desretl v@nipokitcomtitld. Each

fo H‘rﬁ}ﬂi R ?rﬂ:%ﬁde?%rngld Egusmg! &,qtl 8" nelgrﬁgra%g 93, 15 removably mounted
to the rigid housing to form a fluid tight chamber 17, 19. The membranes may be

made from fiberglass composite, reinforced nylon, sheet metal or other suitable
materials that may be conveniently and cheaply fabricated, shaped and reshaped in a
manner known to those skilled in the art. The membranes of each mold half may be
of the same or different material. Further, the membranes may be flexible, and are

14



parts of resin Unsaturated polyester resin 100

Unsaturated vinyl resin O - 100 styrene 0 - 100
woivaleT4o net al ; preferably a Cobalt m xed 0. 1P€T/A/82004/001843

carboxylate (6% in mneral spirits) Tol udi ne conpound

0.1 - 10 Acetyl acetam de conpound 0.1 - 10 M xed

su Isupmd\mhhg [0 mgmmg’ slgaey abadkifh Auid 24Qo NOGEHANYE

ospheres 0.1 - 10 Inorganic

|
|d|“8FnS“(IE%%£‘%tE E‘%ﬁd?ﬁ’&i ate) 5-30 Pigment (Bl ack)

O 1 - 10Eadhi fiyré mighi dhinibe) 17.19 is cdiplefdikfilled with ahon-
co %Bﬂlhﬂpégmgleoﬂ%aﬁ gor}du—@ﬁ@% B%H?r?éﬂ{ug 2P l'l(ijll i#oP gﬁﬁgluﬁ ’cheor

carr harac erize

Sus |mﬁjn1?1etpﬁ5dée dbred ayrply digsibbies any injectontpressers loading across its
skichfire sufafd. asigabing vaBlife ﬁﬁfﬁojl‘%@ %§n¥%91§)ké1§1b?en ay force exerted on

|ne pensi ve and eaS|Iy re

KR eRBRES 1 4-d Sar il e té%lsﬁan?ﬂ ﬁlgoaglf therfhrd tosthg p‘@éls f the rigid
SI 'IﬁDthgs@ rlQp'%t@Eltn i@y iRclags f@@gﬁmoﬂhqmdiﬁédaﬁ a8 RRE ahd Srganic
or, I-N i nve n IS SCf
e cigfi T o eyt it liaifipeS. SSlasHpnapatigng fuidy
10 andeperidion, 1861ding veriabkes iﬁblr@semp@’atum atdaresdued. | Elwsé,xaltnbE those
S a'ﬂ?ﬂleg ﬁxffh%%?tﬁunﬁmﬁ %ltha%tsé b%?l?ggl;ﬂglgd \tévhtﬁ ashfi}% er Q/ e}a\élzg ﬁ%n
e nﬁ@ﬂp%ﬁtesar@fth@m‘eal Brabidity 1s<meferr|a¢h aspﬁmetcpeltaheg mnp;hratgre of the

apRMIAtHSecoNPri ses of a palr of mol d hal ves in an
opposed apart rel ati onshjp | shows a first nold

hal f 1 dibgne é@é&iﬂdﬂ%maluﬁs |0fle Skmpes i GTHoR Spraps 2hextending

15 gp I@l@@@gh fHelngb1h abifgSo qgroxadé mpahwags 11Ee6dH wmc?ﬁf&sﬂ&i fholding fluid
alve ctlive

oS e dhoted UG aure b bf ogTenitd; AGF OPHOWRE Tial balf may
nolatboph@ndmons driherespivel The fahbéreat @ldcboentas| spads depends upon

c O%J 'ntfgm%?l&h %11& de&%ﬁ %%aﬁ?tjelqitg%lof{ gjl rhglg ?%P mol@ed ang the flow

t 0 Charectmn@wa oy d@sm@lglrtgdlmé emplpykil in o ntamgmwxdhssme&bylome skilled
2019y fRREENDr anes may be made fron1f|berglass
conposite, reinforced nylon, sheet netal or

sui t abl &N 9eFORIANEF alhshe Areseridy eplon @ﬁb@m@#ﬁsrly s%ma 25 is shaped
c he mlha‘mfoachfm@@aﬁﬂ 2 &ih@tée thod) AT e mddRtfing ﬂleﬁmdmrsﬁapmg
to tho e, Skl in the art. dThe ilgnlte "

e dHRBP o eihaye BT kv G Seadgsoar Bp areapaled in the o
rratIéBJrrmfonﬂmgtcbﬂdﬂlohhﬂmhﬂﬁhéaﬁﬂ@&mﬂ&ﬂibnlnﬁlgf tempefabee aad dooling
253 fate %n%y%r;z\gﬁﬁ %4911155 01‘ ‘&%‘2 919 0{18.10 gheeg’ material being shaped. For

example, the sheet may be shaped in a vacuum forming step wherein the sheet is
softened by heating, placed on the master mold and then shaped by applying a
vacuum to the softened sheet to conform the sheet to the shape of the master mold.
The master mold may provide a male or female molding surface. A shape is chosen

30  for the master mold so that the shape of the molded thermoplastic sheet is
complementary to the shape of the mold membranes of the injection molding
apparatus. The shaped sheet fits within and substantially conforms to the shape of
the mold plenum defined by the mold halves. The mold membranes 13, 15 likewise
have male and female molding surfaces. The female features of the shaped

35  thermoplastic sheet are complementary to the male features of the mold membranes.

The thermoplastic sheet 25 may have a cosmetically attractive surface 31 and

the cosmetically attractive surface 31 is intended to be the exterior surface of
finished composite object. The composition of the thermoplastic sheet may be the
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35  combined with other coatings or resins in the woven or non-woven sheet. A variety

of natural or synthetic fibers can be used in the reinforcement layer. Natural fibers
can include cotton, flax, jute, knaff and other fibers derived from natural sources

known to one of ordinary skill in the art. Similarly, synthetic fibers can include

20



and the plastic filmis proximte the cosnetic surface

of the thernoplastic sheet. A shaped thernoplastic
wehewtoe®le havi ng a cosnetically attractive surPacas3b4/001843

on at least .one side is positioned on the soft |iner

49 so that the cosnetically attractive surface 31

copbpolcint fiters pb Iye!;tblnﬁlb eré Dol RReiiaé abes F@ﬂtotlﬁ@tsaéh ﬂiermoplastlc or

(n sho

{ nSlonbirls B e ad BpSRics Rt PR BB 0R Bt by eintorcement
at maa@talw sabon fiaceregforcementohtarifla) aredharispeealtyt Hiores beh as
tobgg;nrﬁ%rgg{ pl enum and nolding fluid injected i nt 0

t he pl enum and cured to formthe conposite article.

Ssoft |i Ade fibgarpidarcgment is enfigasivith e modding fiued Sak mubsequenﬂy

of carctihe Etﬂ@@tl%i&h@th%ﬁﬁ@ﬁlaﬁf&@h&ﬁbe smdaglerigo1dﬁigrﬁtaa§mefude
either o nes 13,-15 wi.t hout departi

bot h
£ 1 GvAHated Bt onte T AL VR i hore SRR M Do and incflde
ap pblye@tbﬂ oiig/] feﬂérsf adlbyz’l[c lfcﬂyrﬁfn@I p&?ﬁeﬂﬂm@ Sarﬁlﬁoplh‘s'tls Cdlle}ﬁd resins,
st ructHra ecor.a
voRPEREes R GRHAS po Bl EE Eh1 LR P bheBT i
10c anpemlsesahdewﬁ@ph@c of inddrgang gy irfforersekanblemica crosklinking

beds, and %%gﬁ:ltm qgﬁl’é%o gﬁflg %@%elhl‘ﬂgl% als %{iéﬂulle RD-847A

covers an co ns ruc

ar PPlyeeisr I@sn&ﬁmm@@pgﬁ éﬁﬁéhbb’ fran BordancChaming's o Catuniiys OH,
hosm QUG 18sinS MR ErcRAR S vaIMbINBLIN CSIN C&%Bgﬁtes and

r e at | on or\tl\%{u%l%{oaf\&g é&%iﬁgg&;ﬁg%ﬁeggéslﬁs w1tﬁgt§l§ene

15r ecmﬁﬁtdcﬁﬂ@ avefldblp FRmi Rﬁiabﬁ@ld&ﬁc ¢)0) MurﬁﬁﬁtNGhQﬁBNEOaﬂ!l polyesters

Dot re SRR AL LR P! BRI BT e
PCadlyShe4h0 028vsn tlwntdiemm:rpéastls kigacesaddboxesd uasathrated
ai 'Elfértﬁ[)get ?%ﬂblglr%f ggwgl} gfefg?&ﬂ %%ﬁln&h&l%ﬁéﬂ%})l%f& and resin. A

COITpOSIte structures are sul
r epPiael feHed i gpking ranforeedLoBipesite stinghires yndststansie slow to select

20 V\hﬁ{a@erfa‘lsf @r@?lﬁll%‘@oﬂ%@ﬁgﬂl'fbﬁa PArciISCRARARY. %ﬂo@snaddltlves may
earance .i s desir.abl e.

racti ve or orativ
% © LERHRAEMED it ﬁ@thﬁEﬂ?Cg‘H? CYIFRS GARRIETIE VBISOFIEY laloslémlg agents,
huldold fiease ager@sn Sillefs, plpashtshopdcsfierabiyd the IﬁdeZVwa@sity modifying

sorbareerllieGieit s PLefh Uk iiah Sugp g hvarogen

f opatstatesimlyesters. gi di ty and floatation. The size,

25 ?rgf/lpgl ??ﬂ e 'étl glgrggegr : %gg%ﬁéﬁw %&Héﬂe 1%91%1' gn

per@@f@r@mm@cﬁtw mefbaad tocasn $agsli et | Bingess’ uM@lﬁm&W@sﬂS@dﬁ@

St bietfiflidég s%zlucﬁ&éltr&h!f&cérﬁént %n@ ﬂbﬁt‘aﬁb&h ﬁfr cgﬁq%bﬁﬂe bo-ﬁlﬂ ﬁulls Stringers
i nvent i i S

S Sult
coFEY hG Ot ieBh sfﬁpsr%pﬁ@m%ﬁl a@mﬁwﬂe@@ﬁ 31 bsa% m;a@w are
a fdrast ahd |ohret19oyuﬁﬁdertt1©n§1xrﬁﬁnbcﬂs‘ for ahaﬁpﬁl{gsﬁd’l%ﬁ%tmﬁe foam.

d t h t.
N o
| s harotxphndedt te dilt the mqb@pnoxcmlcare objapatcomposb@pef poigurethane are

ng ldggt?%aﬁ’a'&gg%lgn %&Ffé%g BJ)l &?ﬁddoﬁgh rgﬁ % g8§/5[ blb}?oqyamme An
C orp@py@@@ 0| |ag§;‘é¢ hﬂh‘ogﬁpr@.pq:ttoqg LEPHE gombine to form urethane bonds.

Isocyanate compounds for forming polyurethane foam are commercially available in

35  various grades from BASF Corp., Bayer Group and PPG Industries. Blowing agents
for foam formation include "hydrogenated chlorofluorocarbons" (HCFC), water
and/or CO,. Suitable polyol compounds vary greatly in chemical structure to
provide a broad range of physical properties. Typical polyol compounds include
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35  surface 78 for the fiber reinforcement layer 76. The construction may include a rigid
polyurethane foam stringer 16. The stringer 16 is enclosed within a fiber
reinforcement composite layer 24 to retain he stringer 16 in the desired position.
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5for forming a nolding fl ui dExsmpleebared according to
Exanpl el Parts by V\éi ght

t he

foll owi ng conpositions:

The nol d hal ves are brought

10 A resin bl end

P N

Vi nyl
m ner

4 — HEN W Va)
Ccol Tl rcoT 1 ITUU

al 0.3 spirits) N, N-di-

el ¢+ A
ouart Tl )\CU

me- p-t

hea Iada VA
oAl quyl (J.LC \U/UI g

ol udi narg by Weight

D - me-

~Pndt é@terqgﬁﬁam de 0 Mxed sili

cone V\Et ti(;w

agent
m cr
Pi ge

fdeaerator—0;

it |

clLdirec QOUTrT
Sprhattanixgd sarbsamé@tsié%zoymwal Pi
|te) O 75 Styrene 7

-\r—
I I"Iabllb

grent (Bl ack$ 0.2

-lpu catechol 0 15

Resul
Exot

1347

I M-S

Cet

toPe
D4 WD 2004/ 067246

k2115 Peak—
0.2

PCT/ Lpszp&élaeagzﬁé&tanﬁ&anpl e 2 Parts lby Wi ght

\d nyl

%s:]::é}lﬁ%%clggic%ggﬁp p)gfalgtentme)éeer%zo%ar bpxyrare { bv/od.g
Vegetable Oil 0.5
Plastic microspheres 0.5
Al,O3(3H,0) 20
Pigment (Black) 0.2
Pigment (White) 0.75
Styrene 7
t-bu-catechol 0.07
Results: Gel time 22' 12"
Gel to Peak 8 25"
10 Peak Exotherm 327.2°F
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N, N-di -nme-p-toludine O Di-ne-acetyl acetam de 0.15

M xed silicone wetting agent/deaerator 0.5 Vegetable
waQi2ho4@sBR46 Pl astic m crospheres 0.5 A1203( 3H20PCRM@S2004/001843

Pigment (Black) 0.2 Pignent (Wite) 0.75 Styrene 7

t-bu-catechol 0.07 Results: Gel time 45 24" 5 Cel to
Peak 22' 15" Peak Exother mE24mipRF Exanpl e 3 Parts by
Weight Vinyl ester resin 100 Cobalt m xed
car boxytate—{(6%-in—m-neral 01 —spirits)
N, N-di -me-p-toludine 0.1 Di-ne-acelyl acedrarbyd®elghi5
N ved SR g 0 spentceaerolor 0.0 gL
Pi gmeirftolial misky C@“bQXylmleq&‘Hnn nfiriat e) O. 75 St yr@ahe 7
t - bu- c&ﬁ@@ml 0. 07 2'5 WD 2004/ 067246 PC'T/ US?OO4/ 001843
Resul ts—Get—tinme—76"—21Cel—toPeak—45—36 Peak
Exot eﬁwﬂ dgmegrtoudmanpl e 4 Parts by Wi ght Vil
est er! heSkRcdi@Pacetamide 0
Mixed silicone wetting agent/deaerator 0.5
Vegetable Oil 0.5
Plastic microspheres 0.5
Al,05(3H,0) 20
Pigment (Black) 0.2
Pigment (White) 0.75
Styrene 7
t-bu-catechol 0.07
Results: Gel time 104" 02"
5
Example 6
Parts by Weight
Vinyl ester resin 100
Cobalt mixed carboxylate (6% in mineral 0.2
spirits)
N,N-di-me-p-toludine 0.1
Di-me-acetyl acetamide 0
Mixed silicone wetting agent/deaerator 0.5
Vegetable Oil 0.5
Plastic microspheres 0.5
Al 05(3H,0) 20
Pigment (Black) 0.2
Pigment (White) 0.75
Styrene 7
t-bu-catechol 0.07

Results;

Gel time 34' 25"
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Cobalt m xed carboxylate (6% in mneral 0.2 spirits)
N, N-di -nme-p-toludine 0.2 D -ne-acetyl acetam de 0O
woOlnEbe®4bi cone wetting agent/deaerator 0.5 Vegewakioe/001843

Ol 0.5 Plastic mcrospheres 0.5 A1203(3H20) 20

Pigment (Black) 0.2 Pignent (Wite) 0.75 Styrene 7

t - bu- cat echolGddiOFedResul ts: 262t ine 22" 12" GCel to

Peak 8 25" % Ee Exot he?yﬁé .2F 26 WD 2004/ 067246

%3%0 r

PCT/ US2004/ 001 | e

s by Weight Vinyl

ester resin 100 Cobalt m xed carboxylate (6% in
mneral 0.1 spirits) N, Ndixne-p-4oludine 0.2
Di - me- acetyl acetam de O ME%%@_Q%_’%I cone wetting

Sagent/deaerator 0.5 Vegetable Ol 0.5 Plastic

mcr os;phJe‘rf_sL O; 5n ﬂZOg‘S 3H20) go . Pi grrenfpe{l.glbg,c@@t 2

Pi gmemt - (Whirte) 075 —Styrene—7—t=bhu=catecnol—0-07

Resul [t ¥inykesteripsip 104' 02" 5 Exanplé 6 Parts B0 Wi ght
Cobalt mixed carboxylate (6% in mineral 0.2
spirits)
N,N-di-me-p-toludine 0.1
Di-me-acetyl acetamide 0
Mixed silicone wetting agent/deaerator 0.5
Vegetable Oil 0.5
Plastic microspheres 0.5
AlLO5(3H,0) 20
Pigment (Black) 0.2
Pigment (White) 0.75
Styrene 7
t-bu-catechol 0.1

Results: Gel time 35' 23"
Gel to Peak 21'37"
Peak Exotherm 224 2°F

10
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Vinyl ester resin 1,00 Cobalt m xed carboxylate (6%

in mneral 0.2 spirits) N, Ndi-nme-p-toludine 0.1
woemeaaet y| acetam de 0 M xed silicone wett PA@/US2004/001843

agent/deaerator 0.5 Vegetable QI 0.5 Plastic

m crospheres 0.5 A1203(3H20) 20 Pignent (Black) 0.2

Pignent (Wiite) 0.75 Styremxahpld§ bu-catechol 0.07

Results: Cel time 34" 25" 27 2004/ 067246

PCT/ US2004/001843 Gel to Peak 20" 22" Peak Exotherm

242.1F Exanple 7 5 Parts by Wi ghtl Vi npdrtstst @leight

i [0)

o 11 LB e ol i e b 11 Rt i -

acet anCdlwlﬂnudvtlxeﬂboxy]lateo(éwein\minbiamg ragent / deaer agor
0.5 @ﬁ& bIe al 0.5 Plastic m crnospheres 0.5

Al1203(3H201—26 é,.n;.r*r {(Baek)—0-2+—Pi-grent—( Wit
Iadi

o)

<)

0.75 &Nﬂen@ﬂto bel- cat echol 0.1 Results: Gel Odime
0

35" 2 H-m@gice{y?age%ﬁﬁldgll 37"

D

Mixed silicone wetting agent/deaerator 0.5
Vegetable Oil 0.5
Plastic microspheres 0.5
AlL,05(3H,0) 20
Pigment (Black) 0.2
Pigment (White) 0.75
Styrene 7
t-bu-catechol 0.1
Results: Gel time 91'35"
5 Gel to Peak 30"+
Peak Exotherm Below 110°F
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Peak Exot herm 224.2F 10 28 WD 2004/ 067246
PCT/ US2004/ 001843 Exanple 8 Parts by Wi ght Vinyl

web@roerasi n 100 Cobalt m xed carboxyl at e (6%PCIW/US2004/001843

10

15

mneral 0.2 spirits) N, Ndi-ne-p-toludine 0.1

D -nme-acetyl acetamde O M xed silicone wetting
agent/deaerator 0.5 Vegetalgwen@déo0.5 Plastic

m crospheres 0.5 A1203(3H20) 20 Pignment (Black) 0.2
Pi gmept—(\Whi-te) -0 75 Styrene 7 t-hu-catechol 0.1

Results: Gel time 91'35" 5 Gel to Reak 30' +WPeak
VIO 20047 067246
Exc-(l)-;h Wﬂﬂ%ﬂ&%ﬁ%s@ré%lq Q \I\T D/-\ ﬂJ_lnlsaLIILﬂfgzp

SVAAVAY b ) BV AV ) T acrTT

pol ye>V@ry1|e§§1r1t¢Sl7l6 Vi nyI “ester resiln 4 Cobal t4 ni xed

0 b
ﬁf‘hbg @Bﬁ‘ilﬁmﬁféd %%?er(%/b%rﬁmeﬁ?”;lts)acet i 20 18

M xed mmts one vvettl ng agent/deaeratlor. 0.8 Vegetable
G O % Nh-astpfolilipg ospheres 0.4 (CaC®B 16.4 (¢

Di-me-acetyl acetamide 0.15
Mixed silicone wetting agent/deaerator . 0.8
Vegetable Oil 0.4
Plastic microspheres 04
CaCO; 16.4
Pigment (Black) 0.2
Pigment (White) 0.8
Styrene 0
t-bu-catechol 0.03

Molding fluid comprising resin blend, catalyst and about 0.001 pound of a
flame retardant is heated in a reservoir to 82 °F. The molding fluid is injected into
the mold plenum to impregnate the fiberglass reinforcement material. The injection
rate is about 190 inches-sec™ until full. The molding fluid is allowed to cure for
about 60 minutes. A peak exotherm temperature of about 151 °F occurs at about 40
minutes (otherwise as noted). The mold halves are separated and the composite is
allowed to air cool before being removed from the mold. After removing the
composite from the mold, excess material may be trimmed from the edges and holes
cut as needed to complete fabrication of the finished article.

While certain embodiments of the invention have been disclosed and
described herein, it should be appreciated that the invention is susceptible of
modification without departing from the spirit of the invention or the scope of the

following claims.
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Pignment (Black) 0.2 Pignment (Wiite) 0.8 Styrene O

t-bu-catechol 0.03 Mlding fluid conprising resin
wohends7aat al yst and about 0. 001 pound of a 5 PCamS2004/001843

retardant is heated in a reservoir to 82 T. The

molding fluid is injected into the nold plenumto

I npr egnaWe ddim:fi bergl ass rei nforcenment material. The

injection rate is about 190 inches-sec' until full.

The nolding fluid is allowed to cure for about 60

m nut es.l. A pedknathuet dfenakitgapeidedartclo tomprising lstéps:

occurs at abqyy p‘f‘a%mg'fh%%hgéed él%%lﬁ %lml&%hgls ARL Sl%iq)hzﬁp Somprising

nmol d hal ves are’se
Sal | owed atférShshap@bmpldo@ﬁmb@anb@mg scc@mdm@dﬂmkfmpmesmg a second

mol d. Afsh@ﬁedﬁﬁ@l‘a\fhéiﬁbﬂaﬂ@wh%ﬁpt% -8 ahg @éeohti%h%dgnold

excess nmte I y be tr| mred fromt es ‘an
hol es  dB§™m 159 21780le HigsLEY @Mra@,r,opglﬁttpgfﬁh@fto fmdd articles;

fini shed art i(e} q:);lacvﬂgdﬁeﬁﬁ@ﬁl@su@ sﬁ@é@@@tﬁé&ﬁ&a nuhhe/herem the

) RS0 B3R SR TSGR U Beor
10suscept invbld nofmiiBneyodi fi cati on wit hout departing from

the spirit of th

fol | owing cl (C}rrgﬁcg’% r\%@%ﬁﬂ%é@%@éﬁ%‘%&%&%@&ﬂmms

Ve claim 1. @ steshgdhefirsianrd sagond meldiba ves wuck et the

conpris 'tﬂﬁiﬂdﬁﬁasﬁ& SR31 adPrein?bREInBS ﬂq{&eﬁalsa?@&?rﬂa& fn the mold
relatlor?iffndll a first nold half conprising a

shaped Thenmbr ane and a second nold hal f conpr|3|ng

15a second shapgthtraucingRididiap el end®r Prdshge fihtb $he ABM plenum;
second shgped nol d nmenbranes define a nold pl enum

when br 8ight together to nold articles; (b) placing a

t her nopl ast i ¢f)stestg thantddingBludl. pl enum wherei n t he

shape of the thernoplastic sheet substantially

conforms to the shape of the 10 nold nenbrane; (c)

pl aci ng % ei nfomethndraccordingrtp slairl fubtbemwingprisirgthastep of placing

20(dh 1ﬁiep§ét%eﬁ he théx ﬁﬁaﬁle{éﬂ@ sIREEARtnIRldg hhMgsSuch that

the thernoplastic eet and reinforcenent nateri al
are contacted in the nold plenum 15 (e) introducing

mol di ng 3f | ui gy ﬁf&&ﬁ:ﬂ d@mmxgraembmea ahlitﬁe B@hgnﬁhgﬂimeps
and (1) cur! ng bhi0 sk a@‘ﬂ,ﬁ T ifipea fizst mold half
accor di ng t o ‘@) RI3H0E 1R §SPFraf ap ??%Fﬂﬁﬁ AP L5
pl aci ng comprising a first mold membrane and a second mold half comprising a
25 second mold membrane, wherein the first and second mold membranes
define a mold plenum when brought together to mold articles;

(b) placing reinforcement material in contact with one of the first or
second mold membranes;

(c) placing a thermoplastic sheet in contact with the reinforcement

30 material wherein the thermoplastic sheet has a shape substantially
conforming to the shape of the mold plenum;

(d) closing the first and second mold halves toward each other such
that the thermoplastic sheet and reinforcement material are in contact in the
mold plenum;

35 (e) injecting molding fluid under pressure into the mold plenum; and

() curing the molding fluid.
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20 a liner between the thernoplastic sheet and the

mol d nmenbrane. 3. A nethod of nmeking a nolded article
woan@rics4ng t he steps: (a) placing in a spacedrPapaistoo4/001843

opposed rel ationship, a first nold half conprising a

first nold nenbrane and a second nold half conprising

a 25 sedond D@hfétmﬁlﬁfﬁ@dkﬁlg MQId%kirarﬁdl@cémpﬁém ¢ steps:

second nol d [,anes def i
br ought togegﬁ aP%%&UP ?SEF§€%t18§ Snﬁ&? alf wherein the
re|nformmﬂémaﬁnampnmaMJhntﬂmpmhnmkamhbnme of the

first or : i
t her nopl ast i ggﬁgegg gqﬂqgg?{e ? a O?ﬁgseﬁéagﬂéﬁgp g’rthe ﬁmtm old half
530 nat erpdsheghandes peconé niolehatb poraprising 8 Reesndishaped mold

shape s lﬁ*ib?ﬁ&ﬁﬁé @héﬁém tHOREQ AN Rboh@ sﬁ:ﬁ)%d?ﬁkﬁ@ %éﬁﬁbrﬁﬁl% define a
nmol d pl the first and second nold

e C osi ng
hal ves t“%fag]ﬂ’?né’é’c %}W@pglg@%g?thqrﬁ%{nom]@ﬂfzﬁé* nopl astic
sheet and rei(of Oloﬁmglﬂlilft ﬁmmﬁr deabn@i@1d Ml Ceauale thak thet he

nmol d pl enum n i.ng fluid under
pr essﬂrzh Bﬁatsw(eef?'?ﬁ g ﬂﬁﬁfheéﬂgldp?? U0 uri ng t he
10nol di ng fl ui dd) 8peniy 2RGAAICHAR461IEGCTSIISR0E@4) 001843 4.
ét ggghoga;)f 'Zg)lél ﬂ;?gcu‘;g {EEA rmml%éttsl#lg efla @g?ﬁi!aa't\pﬁh ta?ﬁrfa(ie of the
mol d haIShamIdéh@’mplaﬁ@C Shmt,d hal f corrprl ses a first

shaped nol d RpThL@RE the(t’%)st Qidas,%bélﬂi ﬂnHld%a%\Fé@Q@\QaﬁFé%Eﬁ other such
opposed rel ati onship sheet

and a skl HemePmite SE%?$ f%“?@&@ﬁl&?f@ﬁ%rﬁé]ac?ﬁiﬁ‘& in the
15 menbr anensii@le@umh;t he first and second shaped nold

menbr anes def i

(o ot ar 1 GEb &g gty B B B Rrb S o dhEB R Fenum: and

nmol d hal ves g butilgatheniddingHiidopl astic sheet is

shaped in the nold plenum 10 (d) opening the first

and second nol d hal ves; (e) placing reinforcenent

material.i n donethod afimaking aswmotded artégle eonaprispa ecsteps:

20t her nopl asti gasBReing o(firkt tﬁkﬁ%ﬂ&tﬁc RBedt 'hﬁﬁhﬁ ARBaRea RN Efirst mold

er ‘such at t

nol d hal v s toward €
t her mop|ha tYherep s m Hgiafffﬁomp&sese%réfﬁ Shaned PRl mgmbrpse and the

cont act shapetdfahe thormepisstiolsRed Rubdigntiallnjceslotfg tombe dhf}@ of the
fluid und dﬁg%ﬁfsure into the nold plenum and (h)
curlng ’f|UId 5. A nethod of nmaking a

nol ded art i cl(e) pwmgirsinfigceéthentsha@sal in contact with a surface of the

25 shaped thermoplastic sheet;

(c) placing a second thermoplastic sheet conforming to the shape of
the first thermoplastic sheet in contact with the reinforcement material
wherein the first thermoplastic sheet, the reinforcement material and the
second thermoplastic sheet comprise a laminate;

30 (d) placing in a spaced apart opposed relationship the first mold half
and the laminate, with a second mold half comprising a second shaped mold
membrane wherein the first and second shaped mold membranes define a
mold plenum when brought together to mold articles;

(e) closing the first and second mold halves toward each other such

35 that the thermoplastic sheets and reinforcement material are sandwiched in
the mold plenum,;

(f) injecting molding fluid under pressure into the mold plenum; and

(g) curing the molding fluid.
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20 (a) placing a first thernoplastic sheet having a
shape into a first nold half wherein the nold half

woan@riczas a first shaped nol d nmenbrane and t heCTRiSaPe/001843

of the thernopl astic sheet substantially conforns to

t he shape of the nold nenbrane; (b) placing

rei nf or 6ependrticldicempaibinga shaddaat laveidt enstridtRme thefstructure
the 25 shaped t hernopl astic sheet; (c) placing a
se%%ﬂﬁrﬁﬂ%rnvplastlc sheet conforn1ng to the shape of

t he fir &) ahheryiopobsndrdayshbeting a tivickdeas tip v shout B mm;

rei nfor @%ﬁém{%ﬁﬁﬁh "I’iyer Wﬁ%? 'Ehi&llh%sé \inr efbtout 0.5 Lic dabout 15

t her nopl asti eet he rel orcement materia

5t hemigidond t her nopl astic sheet conprise a | am nate;

30 (d) Ri)@%ﬁ‘&ldy@r ot aﬁBé&f&n@&E@&@&n{S@éu@“ onshi p
the first nold half ‘and the | am nate h a second

nol d hal f conprising a second shaped nold nmenbrane
wher ei n7t A& afrh«slsfacmdmge@ ol shapeen md sbrybdihslameslayer is an
ether to nold

o7 hltRef aofBaty S e O QA HBEET e 10 P e

10t oward each other such 35 that the thernoplastic

15

sheet s j =1

the ol & pYainr o fs R EBEE Afh M ERIE AR R ad bant to the
pr%@ﬂ?@aﬁmlé}’fﬁhe nmol d pl enum and (g) curing the

nmol di ng fl UI d. 32 WD 2004/ 067246 PCT/ US2004/ 001843 6.

An arti nprlsm,asha yer ed

constr u§t |A6‘rF‘1'“? REcHHinge F]éP ?l&?bﬁgacrf(la) pofjpmer layer is about
acoythe thabyiEr mhoytel the &g 1asttd11la nessoud P. X @nafdelbut 15 mm.
2.5 mm (b) a thernoplastic ?ayer avi ng a thickness

of about 0.5 mmto about 15 5 nun; and (c) a third

| ayer cofpAi siungiraadcdobdng toec'rlmiiroﬁ sderecthpdbéreplagtic Myer is
artl t

por et fEHLE Ryt QD AT T WIS AL by

| ayer of the construction. 10 8. An article accor di ng

20t0 clai m7awhefi@é ﬁccto'i‘(ﬁné i E1dinh B¥@lerdi® tlﬁddé@‘éﬁl@é istif tﬁehﬁdape ofa

25

30

35

th | astic | aye article according to claim
ﬁﬂg&g %C?THEOI%%‘{# ¢ @OBH IVﬁh‘éLf FgErataga %ﬁ&mefits)r@n&mfaﬁ ot

mmér@s;ﬁb@déwde.mﬂ and the thernoplastic |ayer is about

1.5 mto about 15 mm 10. A structure according to

claim6 wherein the thernoplastic |ayer is selected

from t hé2.gAouptide asiosding ¢p oRinABSIrtSAcmpridiBSriadd yolyerethane

al k¥ reinforcement and the rigid polyurethane foam is enclosed by a fiber
reinforcement composite layer.

13. An article according to claim 6 wherein the composite is reinforced with
a natural or synthetic fibrous material.

14. An article comprising a shaped and layered construction, the structure

comprising:
(a) a first acrylic polymer layer having a thickness up to about 2.5
mm;
(b) a thermoplastic layer having a thickness of about 0.5 to about 15
mm;
(c) a third layer comprising an acrylic polymer, ASA or ABS-acrylic
alloy; and
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20 11. An article according to claim6 wherein the

structure is in the shape of a bathtub, a conponent
woRo@/06t4e0r vehicle or recreati onal equi pnent BCTAIS2004/001843

aircraft or aerospace device. 12. An article

according to claim6 further conprising rigid

pol yur et hane gc% ﬁ&@?@lﬁﬁk&ﬁ%@@&ﬁ&sﬂ@r‘%& Béatidu8LS with the third
pol yur et oamis enclosed by a fib

reinforc t conposite layer. 13. An artlcle

according to claim6 wherein the conposite is

reinforc a_nat etic fibr

materi al . & 3#] fgﬂd%ccgf *O Cq%lgh‘ﬁlwgfnﬁﬂl the §ﬁ%’ﬁp)18 dolymer layer is an
5 ay@ﬁp@de(tdmaqumnorﬁa‘wr sf thacongteicticmnpri si ng: (a) a

first acrylic polymer layer having a thickness up to

about 2.5 mm 35 (b) a thernoplastic |ayer having a

t hi cknes0-ofn aBtelR aggoBlmpioMam 14 whenin the Eystactshicmelymer layer

Iay@@b@lgmmrwa@m REITY b (RN 1asASRYES is about 1.5
S]i crylic alloy; and 33 WO 2004 Oaés724ge 1s about 1.5 mm to about

04/ 001843 (d) a fiber reinforcenent conposite
10I ayer contiguous with the third layer. 15. An article

accordi ng, t m 14 wherein t

| ayer |sp7an‘gn gm%lle Seng o &nﬁlt p@‘é'ﬁ %’et}“? H%Wé%f‘“%lﬁyer 15
t hesete@tﬁsltfrmlthmounaonSMngpflAﬂSe Afdcor ABSgctydiccdliiym 14
wherein the first acrylic polyner layer is about 0.4

mmto about 1 nm and the thernoplastic |ayer is about
1.5 nm t S abpaticlegmcpgingio cigm lgnwhereinghe staeataneds imgtht shape of

15cl ai mﬂ% Mhﬁbed Ebriftchier:
cla g ;g oD 03 ﬂstf?lgt | nga"ﬂé@t'o%%}?l@le o@)‘%&edt%gglse%lrufjﬁﬁ&ﬁ or an

al Iaé’iga 4¢3 3¢1% according to clai m 14 wherein
the structure is in the shape of 15 a bathroomtub a

conpone 0 r_vehigle or tion equi pment

or an glit9r c‘ir‘ S?Ifsugﬁ%?‘c&g %toocé"’\l}fncg W%rem;& 1€ COMIPOSITe 18
consinferced with acebrdi argyhtbetod fibroud thawdmai.ei n t he

spconposite is reinforced wwth a natural or synthetic
fibrous material. 20 20. An article according to claim
14 furt P Abagsielesicaerdinedp ¢layol heraneprising rigid polyurethane

foam reinforcement and the rigid polyurethane foam is enclosed by a fiber
reinforcement composite layer.

25 21. An article comprising a shaped and layered construction, the structure
comprising:
(a) a first acrylic polymer layer having a thickness up to about 2.5

mm;

(b) a thermoplastic ABS or ABS-acrylic alloy layer having a
30 thickness of about 0.5 mm to about 15 mm;

(c) a third layer comprising an acrylic polymer, ASA or ABS-acrylic
polymer alloy;

(d) a fourth layer comprising a fiber reinforcement composite
contiguous with the third layer; and

35 (e) astructural polymer foam reinforcement.

22. An article according to claim 21 wherein the acrylic polymer layer is an
exposed, decorative exterior layer of the construction.
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foam reinforcenment and the rigid pol yurethane foamis

encl osed by a fiber reinforcenent conposite |ayer. 25
wazoo4Aa72a6t i cl e conpri sing a shaped and | ayer e#CT/US2004/001843

construction, the structure conprising: (a) a first

acrylic polynmer |ayer having a thickness up to about

|2 5 ””23 (Rh aﬁldl@&fcﬂﬁ;ﬁh & dl@lnﬁ?ﬁw{géreﬂﬁﬁe dastykciydicglolyayer layer
ayer havin a
151%@1?1)u aQ:Aj mgn fqﬁﬂpalt %fm&g}ﬁ} ga éﬁ (Pa %r {Engbgﬁt f‘? U to about

pol ymei., ASA or ABS-acrylic polyner aIon, (d) a
fourth layer conprising a fiber reinforcenent

conposite contiguous with the third |ayer; and 35 L
5 a struclr Ah apidly amerdinga ¢laitn? bFdereihthe stpctupgis m the shape of

ar {ﬂoﬁtjhfo ?&ﬁl%r e RGpbint bk Motck VehRISITeéB I AT ¥difment or an
ayer iIs g exposed, decorative exterior

Ia@@ﬂaﬁpf@ﬁ@%@éﬁ§@ﬂﬁétlon 34 WD 2004/ 067246

PCT/ US2004/ 001843 23. An article according to claim

21 wherein the first acrylic polymer |ayer is about

0.4 mmto about 1 mm and the thernoplastic |ayer is

about 1.5 mmto about 15 mm 5 24. An article

according to claim21 wherein the structure is in the

shape of a bathroomtub, a conmponent of a notor

vehicle or recreational equipnent or an aircraft or

aer ospace device. 35
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