1 COMPONENT MADE OF A FIBRE COMPOSITE MATERIAL COMPRISING WOUND LAYERS
DESCRIPTION The present invention relates to a component such as, for example, a crucible for
melting a metal, made of a fibore composite material comprising at least three wound layers of a fibre
material that are arranged one above the other, and a method for fabricating such a component.
Wound components made of fibre composite material are used in various fields of technology, for
example, in the fabrication of melting crucibles or pressure containers. Conventionally, in order to
fabricate suchcefpdiehts Miblre sttands bjtiar itrHifdet- et Warnd'around a
winding core and laid down on this. In this casentherfibrestrands, which are also designated as
rovings, can comprise different individual fibres made of carbon, glass, ceramic or aramid which can
be embedded in a matrix of polymer or of ceramic, formed from binders, where the polymer matrix can
subsequently be converted into a carbon matfix b§-tafddtsation. Hence, the component formed from
the wound layers, possibly after removal of the winding core and after appropriate curing and possibly
carbonisatian, of ';B?é’é"&e{’ can,ke constructad ptcarbanfibresreinforced plastic,(GRP). for
o)

carbon-fibre-rein éced carbon ECF ) c%erbon-fibf-reinforced ceramic or éi:era 'cfibregﬁ;forced
T

ceramic (CRET BsFlly 2ath WotRdTayer of &Tch a 28mporknt tompHiess a Plurdlity’dfkindings
which are apreinged 16 euriatthe sameddiraetion el atfeasteuistantiaty paralaldadjaventto one
another or everlappingeneanethenso thad thraugh gach mpuaddayer atdeast one seetien-of the
winding core is comglegglgcgo%/eredfb%the fil%re materia}IT i.e. without the formation of recesses or
. ,_.and _a r Tabricatl suc

intermediate spaces between the wmﬁngs.

1D
T

n this case, t%ec‘iﬁalﬁ%rﬂeawvbund layers are wound
successively over the winding core, where the individual windings within each layer, as set out, run at
least substandially paraiebtocone anether. ifere the windingangles ohthewindingsref different wound

layers can b, the same o diffgrent; In the sorcalled crass;winding, the windings of griacent wound

layers are of the same magnitude but differ in their sign with respect to the same reference axis.
fabrication™ of melting crucibles or pressure containers.
Conventionally, 1in order to fabricate such components,
fibre strands optionally impregnated with binder are wound
around a winding core and laid down on this. In this case,
the fibre strands, which are also designated as rovings,
can comprise different individual fibres made of carbon,
glass, ceramic or aramid which can be embedded in a matrix
of polymer or of ceramic, formed from binders, where the
polymer matrix can subsequently be converted into a carbon
matrix by carbonisation. Hence, the component formed from
the wound layers, possibly after removal of the winding
core and after appropriate curing and possibly
carbonisation of the binder, can be constructed of carbon-
fibre-reinforced ©plastic (CFP), carbon-fibre-reinforced
carbon (CFC), carbon-fibre-reinforced ceramic or ceramic-—

fibre—-reinforced ceramic (CMC).

Usually each wound layer of such a component comprises a
plurality of windings which are arranged to run in the same
direction, 1i.e. at least substantially parallel, adjacent
to one another or overlapping one another so that through
each wound layer at least one section of the winding core
is completely covered by the fibre material, i.e. without

the formation of recesses or intermediate spaces between



A component of this type or a complete winding comprising a plurality of wound layers arranged one
above the other in a stack fashion and configured to each be fully covering is known, for example, from
EP 0 333 013 BI. A disadvantage of these known components is that no mechanical connection exists
between the individual wound layers but between the individual wound layers there is at best a
relatively weak interaction of chemical and/or physical binding forces, for example, in the form of a
binder Wth]El adhesively bonds; the.« fferengh oung Jayers. For.this reasan,, the Stagﬂlt% in particular

vidua
mechanical strength suc as or example elmpacttou ness or the |nteram| ars ear strength, of

the known ¢BHPONents 6FtheStyiie hentiohed inifialfy |S‘i‘ﬁﬂ@éﬂ’%f intbPemeht $1S theérbfore the
object of the prasentiinventiam to imyprowe thei stabitityrantdameehardcal strengthof wound fibre

composite Gampenents;/According,tpthe dnvention, this objegtds sqlyediby,a coppppent having the

features of claim 1. According to the invention, a component made of a fibre composite material
comprises At1B55(tAred v%lﬁ'ﬁ:l 1Qerd add bRL b maferiaithAf 4R &rrdfyedone BYerf the other,
where eachcefrthéowountidayeseomprised bhecorantre wimdingsewheeeinalled cross-—

winding, the windings of adjacent wound layers are of the
same magnitude but differ in their sign with respect to the

same reference axis.

A component of this type or a complete winding comprising a
plurality of wound layers arranged one above the other in a
stack fashion and configured to each be fully covering 1is
known, for example, from EP 0 333 013 BRIl.

A disadvantage of these known components is that no
mechanical connection exists between the individual wound
layers but between the individual wound layers there is at
best a relatively weak interaction of chemical and/or
physical binding forces, for example, in the form of a
binder which adhesively bonds the different wound layers.
For this reason, the stability, in particular mechanical
strength such as, for example, the impact toughness or the
interlaminar shear strength, of the known components of the

type mentioned initially is in need of improvement.

It is therefore the object of the present invention to
improve the stability and mechanical strength of wound

fibre composite components.

According to the invention, this object is solved by a

component having the features of claim 1.

According to the invention, a component made of a fibre
composite material comprises at least three wound layers

made of a fibre material that are arranged one over the



for each wound layer comprising more than one winding it holds that all windings of said wound layer
have the same winding angle and are separated from each other at least in some sections to form
intermediate spaces between the windings, all windings of at least two of the wound layers have the
same first winding angle and all of the one or mereswindings of at least one wound layer, which is
arranged between the at least two wound layers having the windings having a same first winding

angle, have cond windin ngle ¥vh re the ma nitude of the second windin anlgl%is different
o%ﬁgr O%I? %gc o) g WO Vgh ayeﬁesasct%r?%r&%ﬁgv\%ﬁﬁ O ore

n
from the magnitude ¥ the First winding angle, an ereat ings having the

second winditgRiE int&FsaERIWIth at least one of the windings having the first winding angle.
Wound layer in the sense of the present invention is/are understood as one or more windings which,

when the wound layer ng@ﬁis%ég&er%\yg@r@&nmgtilgas%tagﬁigﬂy Bg@ll&lithaolqgganother

and therefore do not intersect one another. In the simplest case, therefore, a wound layer consists of a

winding, where the-WwindifhgsSof tHEWwoird layers Hdj&centto thid Wouhdiayer hidé&ssahify Fave a
different winding ahgte, isssrdo net ruhiadleast substantiall\aparallet e thetwihding of theawdund layer.

Alternatively to this,a,wpund layeninthe senseqef the presant invention-gan alse cemprisea plurality
of windings running at least sugstantia%garallel to one another, i.e. windings each having the same

winding angle, whet%agcec%r&%gvfce) The mvention at {€43t in some sections, intermediate spaces are
present between the individual windings of one wound layer, i.e. the adjacently arranged fibre strand
sections of ene wound layerdiavgsa specific, preferally sonstantspaging-from operanathere in plan

view of the compogggt.c?%' ce @i@&wwgmglsn oar}leg\yguggl&ayer have the same winding angle, the

windings within a wound layer do not intersect. The windings within a wound layer preferably overlap
apart from a central point about which the winding core is turned during winding. At the aforesaid
central point, an unavoideble owerdar obthendepositechdindiisg caraocduraAtwindiag v thisl case

designates the sectionqf a waundJayer which ggr%gon};g%t@g/eq{o%theagrcq@gesrgntighgu rface of

the winding core or the circumferential surface of the component once. In other words, a winding

ff
corresponds to a SERHBA of theHbte hiaferidl dePositet & Aoubiad Gtdke df i \Tinding Thachine.

winding angle, have a second winding angle, where the
magnitude of the second winding angle 1is different
from the magnitude of the first winding angle, and
where at least one of the windings having the second
winding angle intersects with at least one of the

windings having the first winding angle.

Wound layer in the sense of the present invention is/are
understood as one or more windings which, when the wound
layer comprises several windings, run at least
substantially parallel to one another and therefore do not
intersect one another. In the simplest case, therefore, a
wound layer consists of a winding, where the windings of
the wound layers adjacent to this wound layer necessarily
have a different winding angle, i.e. do not run at least
substantially parallel to the winding of the wound layer.
Alternatively to this, a wound layer in the sense of the
present invention can also comprise a plurality of windings
running at least substantially parallel to one another,
i.e. windings each having the same winding angle, where
according to the invention at least 1in some sections,

intermediate spaces are present between the individual



Winding angle is understood to be that angle at which the individual windings are deposited relative to
an in-principle arbitrary reference axis on the winding core. In other words, the winding angle is the
angle which the longitudinal axis of the winding occupies in relation to the reference axis at the instant
of depositing on the winding core even if the orientation of the winding can still vary slightly due to
some slippage of the fibre strand after depositing. If the winding core is configured to be cylindrical, no
slippage of the figre strand oggurs 50, that in this case the winging angle.is the angle, which the
longitudinal axis opt%e deposited Wlnalng ado{)ts in relation to the reference axis. With rgfeerence to the

finished corhpBiént Sthisans tHat $orScoripoPeftsWRIViy 388t one V& lifdricafy syrfetrical
section, whete=thereingrically symmetsipaksection ossectiansaaceouat-for ahleast20% iofthe total
surface of the componsht, dhe windiag angle;in the senge of the present inventionds the, angle which

the longitudinal axis of the section of the winding deposited on the cylindrically symmetrical section(s)
adopts in rel&tion tbe RF8I_NCE A% fega r of & orfEMALSIF 61 the Winding'inth&E Sections of
the componeny diffefent from thetcylingrically Simmetrichl sestionst Fon alkothercdmpenents, the term
winding angle i thessansenfdhe preseptinventiofmeansdhe anglebetweenthe winging-and the
geodetic Iinehwhich cgmrpletelg/ spans ttge circ%méerential surfa(ge of th(i%vir%qling c?re or the A
circumferentila?sﬁqr*a{lcelofqth% c]f:)mplosnenlt“fnn%e case'ofa ‘rﬂojtgtlc}r{la(?ly symmetericg v?/ﬁ]eci?naglcore or
component pRr&lIet to te aRis of rdtatichéfthedsinding esierdridompénehtand deHséasdof a
non-rotationally symsetrieal wingling core or component parallel to the longitudinal axis of the winding
core or component. From this it follows, taking into account the preceding definition of the term winding
angle, that all windings run substantially parallel whereby it is understood in the sense of the present
invention that the stdidard devidtioh ofaRE witiding aRgeSprésent 464hy BInPSf the Witltith divided
by the arithinetie meai bt all corresponding Winding angtes isdessitkan Oi5: g permissible standard
deviation from,ansideally-rectilinegy configuration takes.info account the fackthat duringethedeposition
at a defined angle in particular on regions of curvature such as the transition region between a
cylindrical r8gion B8 a cORUAPRSISN of tAE Tircurhférenitial SdrfacE BF Ute winding"EbPE bF 8omponent,
the windings cansstipanigiimally with ¢lee tesultthat aeeftaiprstight tharige indbieasinding angle can
occur inside theswindings 4n- addition tethe preceding standarddeviation, it also applies according to
the present invention that the difference between the maximum winding angle and the minimal winding
angle of each winding is less than 1, preferably at most 0.8, particularly preferably at most 0.5, and
quite particllarly preferaibll gt mest02le Astse? duitRerbmbéetfere, the Wikding afglédt altiife windings
of one woundh tayer iEithe same amongst anre anothessherder tacagain-adowtfor afossible-slippage of
sections of individual windings after. depasiting, In the,sanse gf the presentinyention it is ypderstood
by a same winding angle that the winding angles of all the windings inside a wound layer relative to a
geodetic refer&iide liH8Which colfpletely Spais tRe SitEumtreritiaf surfagé of the-WiRding Core or the
circumferentiahsurfacei ofsthe samporent irthe easel dhg ratationallyssymmetréiced vinding-core or
component pagalieldethe axis ofrofation.of thg winding gare or, gompanent and n thg casg.of a
non-rotationally symmetrical winding core or component parallel to the longitudinal axis of the winding
core or comvbjo%%‘r{f],%iﬁ%? from one anbthel BY 1688 HiAH 1. graferably By &t r?‘i’d‘é}%%él,gpaﬁ?c%laﬂy

preferably §ftatirhosv@5vand itk tparticalagy preferabheby at st @2, fa consporantzecording to
the inventiop there isstheeafore-heiweenas least two wounddayeyss baying assape firsfwviading angle a
wound Iayejélgeij\ggg a sgg(%q: glicﬁa ent r\l%in%igg an Iee. Ag ATE ult %ji%lgeint§£rggd@teo%p%cgg provided
between the individua windings of 6ne woun a@e?according?ot e inventlon,?he Win%mg patterns of
these woun@iday<€ts setby theldiffsraftwindfgranigieés everiplif alcroddtver feshion” Sirfde the
magnitudescofdhe sty and dhe secondiwinding ahgle didiessattibe transition of thegetrespanding
wound layers, not oply the sign.of the winding angle is changed as is the case in the known cross
windings. According to the invention, intersections of the windings distributed uniformly over the wound
region therefore do not exist, as in a cross winding; on the contrary, in the component according to the
invention, nénamifomflycistributed intersectionissofatie roivdoanioundiagersexiss. Asha result,
among other things ahefterdaad distﬂ@%@{%and dherefare g highes mechanical strengt af, the
component is achieved. 'Ehis incrgased me anicaltﬁtrengthlalr%ad%/ e>ii§ts when a stinqle 1
fuIIy-coverinsd/gF?gEé:é%%nt o??vicndliﬁéfs is "ﬁroevﬁed. ¢ tyitihcatrcatly symmetrica

section or sections account for at least 20% of the total

surface of the component, the winding angle in the sense of



Due to the type of arrangement of the individual wound layers according to the invention, the sharp
separation of the individual wound layers such as occurs in the windings known from the prior art is
eliminated so that in each case the fibres of one wound layer engage in one or more of the wound
layers located thereabove and/or therebelow. As-a gesult, to a certain extent mixed layers or
combination layers are formed where as a result, a single continuous total winding is achieved. Thus,
a fabric-liketl?lr(?idgg Structure insvoetrxltginoelq in \S/vhicckrll eth%1 }lnt%relarrvlqiﬂgrc Qing@ i_sliorplprg%/{-:'1 {:gg‘ipared with
the correspondin structures known ﬁrom the prior art. W 1ereas In wound fibre composite components
according té e prieart-Weund $4fets BigriiffcantySsepatatdd From GrecaniotRér thefefofé @xist, which
are at best beundtor-ane angthey Miaechemisal andtariphysical mieractions, in-theacomportent
according tq the ipvention there js asmechagical interlocking o interleaving;hetyeen the,ipdividual
wound layers, whereby a substantially higher stahility and mechanical strength, in particular an
improved infpa& 10y htessHnd gamage tol8rance S of (HER YIS et 1S G¢fmBYed. R Bompdnent
according tethel imventier ¢an thergfore @isoebe used ¢ortapplication Raving maximune tdaghing
requirementssichhas, dar examplec asa bylletpraef panel Ehe sideof thedatesmediate spaces
present between th individue%l windin%s, Ie. ;Cq%a spacing ofkt)h individ%qllfibre.stg;tnds of aﬁ/vound
layer in plaﬁg View of the I\}%eu%dﬁgf/lerr%sav%sll as ﬁ1easne%1u%nceeo1w the'in |V|%u§11\/51n31irr11% a%% es or
winding pattetfis betdeedhé hdividuat windirg idfers carrfipdairehtally beRaried widéhdepending
on the requirements ef-thetapplication: Preferablyrthe womplete wdndigg fereied fram all theswound
layers affa@?&%%%?%%%@%ﬁ“@?ﬁﬂ%Jr ¢ from nfermediate spaces in pla view. In other words, the
wound layers arranged one above the other completely cover the wound section of the winding core or
the wound &rtuferétitial BudEE e wodind 1dyets thusFbrm A récessfree torhpdrient Wall, for
example astvessélavadl:forsa orucibter athecintechediate spacds betweendhe wincdimgsoofeanwound layer
therefore dg, pat serve tppraduce 3 eomponant having;a perferated wall but for the interieqying receipt

of windings of other wound layers. According to one embodiment of the invention, in each wound layer

which compHES ndre THAR BRE WindiRg 2theratib Of tHESsur of tHe Sredd 'of The tétediste spaces
between the windings inthie wounddayaran<dhé totdl apea dfithe wotndilayeris ©.05008 10.0.99999,

preferably 0.90000:t02,9999% particulasly preterakly 0:93000{0 H:99909 and awlite Paricuarly
preferably is 0.919990ttgaqc.99 9L9' Such.area rag%s rsla}ées Eg%vted aﬂaf“"“'a'i'% {zivqfr%%lg ]yveigh a view to

the stabilityaarrl]% méchanical’s renvé%ﬁgﬂlll%scormponéln ccorﬂilng t the rven ion, the Wlnﬁing angles

of all the wiAd#ings withile AFORTY [B)ef Biffef RDATORE ahbtheP by 1655 thaRvVE Préferably dY at most
0.8, particularly pseferably by @t most Ochand quite particulanky pseferably by e moss0.2adhis favours

a uniform mechanicalstrength, of, the component, O the giner hapg, the magnityde gf the second

winding angle differs from the magnitude of the first winding angle according to the invention by at
least 1, preferdBly By dtdeast 2, Barfcildfly frefetasly byt 16538 3, qlitpartifularly pretefably by at
least 4 and peost pseferdldly standard deviation from an ideally rectilinear

configuration takes into account the fact that during the
deposition at a defined angle in particular on regions of
curvature such as the transition region Dbetween a
cylindrical region and a conical region of the
circumferential surface of the winding core or component,
the windings can slip minimally with the result that a
certain slight change in the winding angle can occur inside
the winding. In addition to the preceding standard
deviation, it also applies according to the present
invention that the difference between the maximum winding
angle and the minimal winding angle of each winding is less
than 1°, preferably at most 0.8°, particularly preferably
at most 0.5°, and quite particularly preferably at most
0.2°.



by at least 5. In order to achieve a defined interleaving between the wound layers, it is specifically
favourable to avoid arrangements of wound layers having all too similar winding patterns. Preferably at
least one winding of at least one of the wound layers at least in some sections engages in at least one
intermediate space of a wound layer arranged below and/or above the wound layer. The windings of
the corresponding wound layers therefore do not lie strictly stacked upon one another but sections of
windings of one wound layer each penetrate into another wound layer so that a firm mechanical
connection between the wound layers is obtained. Accordinggga particularly preferred embodiment of

the inventiofSalltRé wiRbings 6 &8RSt iohetof tHeRouNdayers haifd the Windgs havifg the first
winding angle eqifjage in tife internediatenspacesyefithe at leastonesasound tayen havingsthe at least

one winding,igyig fhe secondwinding apaleAnearip the inigrediats, spaces ghibig durther wound
layer having the windings ha\(ln%the first winding angle. For this purpose, preferably the windings of

the individugPFbaid fayers haling thefirdt windifig 2Agle 3F& GFrangdtPSiisetd one Andthér so that

the windings ©f eae of thehwourntElagels comvaningoaindings having ¢hre first viddingrangleare

arranged overthe infermediatespaces gtanptheriofdhe wound layersgantaining,windings having the
first windin%anqlg. As a result, a uniform imlermeshing of windings £elative tg the circquerentiaI
t

surface of the ﬁvméﬁnfjl cgr%ugrdthea ?nrporneeniBl Bﬁé{ Thersfore gep%r ?cujigrlyrﬁgﬁ%?rrécnath of the

component S achieviNER RO theSRBDAd [Eyersanceompiises 1 &d 2,000 preferaily 1t 250,
particularly prefaratly 1 330 ang quite,particuladyprefeeatly 3 to 1@ wimdisgs. The numler - 10 - of
windings is i in.detail by equire rticular ication, F ‘mare the
componentgri%1 e%%%g}n%rﬁgg a%?e%aéstqi%, é?e%gg ngy%%log%yo,léj\ébaﬁ)g%r%%ﬁ%y‘%%ﬁrﬁy 500 to
10,000 and ‘¢ftfte paktictRirlyPrefdrably 23906t 5:000-WouAds oy ersarkariged oie QdovetRe other. By
adapting the uthbey ofavound tayers ammanged onezatibveithe ather, a desired valbthickness or a

desired meghanical strength af thesomponeny can heachieved with predefined strength of the fibre
strands. to the longitudinal axis of the winding core or component,
differ from one another by less than 1°, preferably by at
most 0.8°, particularly preferably by at most 0.5° and

quite particularly preferably by at most 0.2°.

In a component according to the invention, there 1is
therefore between at least two wound layers having a same
first winding angle a wound layer having a second different
winding angle. As a result of the intermediate spaces
provided between the individual windings of one wound layer
according to the invention, the winding patterns of these
wound layers set by the different winding angles overlap in
a crossover fashion. Since the magnitudes of the first and
the second winding angle differ, at the transition of the
corresponding wound layers, not only the sign of the
winding angle is changed as is the case in the known cross
windings. According to the invention, intersections of the
windings distributed wuniformly over the wound region
therefore do not exist, as in a cross winding; on the
contrary, in the component according to the invention, non-
uniformly distributed intersections of the individual wound
layers exist. As a result, among other things a better load

distribution and therefore a higher mechanical strength of



According to a further preferred embodiment of the invention, in each case one wound layer having the
windings having the first winding angle and one wound layer having the windings having the second
winding angle are arranged directly above one another in alternating sequence and specifically
particularly preferably directly above one another. In this embodiment the resulting winding pattern
resembles a cross winding where, however in contrast to a cross winding, the desired interleaving
effect is achci%\éed @éébeo%ifefgl&e”t \l/véndiré%gggl\(fagén terq}?.lcg m%g]ncitluge.séalea%t:e %nR% gggigi nal wound
layer can be arrange %etween the at least two wound layers havin the windings having the first
winding anglé BpagTrom tHe Gotnd |&et ﬁ%@ing"fﬁ@@vincﬁng§ﬁé\ﬂ£& thef&ecbndsminging’sngle. By
providing suchr'dnteemediate yetsidthesmethamnicakgropdrties of the component can be influenced in
a desired manner. The at least one additional wound layer can comprise one or more windings
wherein all these windings have a third winding angle whose magnitude differs from the magnitude of
the first winditg ahgle 5RE frémRfie Mhgrfthitd s THE ScoRd wﬁ%%ﬁng Hhgte 1 tiis wiy tRtee or more
different winding angkes candiegormbined avithrormnanother inherdeihtorforthepimcesaserthe interleaving
effect betweenthejwaundlayersandhthusthe compoengntstrength, - Breferablicalltheqwingdings having
the second V\gnding Pn(%léa i%ersect.with at Iéaast ong Wr%ncrilin hgving t gfi{st.windin angle. The
windings havadN the second v?inﬁlrnlgoarngaler are therefore no grraﬁge sﬁatiéﬁl/ remote from the
windings havivy thefirsewindlingangie@ ehdhe alivding teRs O theddthtiafy,thé wirdings$'Raving
different winding @angles;atessuperposed omn waeansithe same seetionrefthewingding eore ar
component, Wigr as 3 fesylt of e different winding angles cassuers inexiighly reavihich
ultimately improve the connection between the woun ayers. Preferably the fibres are selected from
the group wWHcHEhsES o RFBGHIfIBIES Féerdric FibreS Yidss fiBres ‘polymerciBres andixture of
two or morecoftthe afeiesaichmatesals avhereithe polymer filores ave preférably polyainide fibres, in
particular argmid fibres. pplyesiar fibres; polyprepylene fitres pelyacrylonitrilefibres, fibres; of oxidised

polyacrylonitrile and fibres of copolymers of two or more of the aforesaid materials and mixtures of two
or more of thBFErEsSid FRERAART ST fiork Hiat&idis 2PE UIRABIE fot Provibing HouHdéBponents
having highfmethariealstremgtta the mean diameter of the fibres in this case can be, for example, 3
to 20 lam. Fibre bundles can also be used where the average number of fibres per deposited fibre
bundle can be between. 500 and é(())O 9%% é)recferabg/sg%tgveen 1,000 ar%d 50 (C)(g% agclll rpartlcularly

preferably be ween %,Obﬁ and %%, 0 compgrrqgnt accord(lznoén othe invention canin %ar%gular consist

of a carbonifitRe-rEiforced Earbon(EFD), e ¥arbon-fibE idinfercdd plastRi@r)cd from
carbon-fibrerenferced ceramicarx ceramig-fibte-reinforeed eeramic {EMCl Such composite materials

are characterised, amoqg othey, 1njngs by QJ’&E%*L Ene%ﬂ%@%%'aﬁ”dfﬁ%@%‘ééﬁ%%’; a y712:1fugh shock

resistance, a high chemical resistance and a high chemical purity. . .
component according to the invention there i1s a mechanical
interlocking or interleaving between the individual wound
layers, whereby a substantially higher stability and
mechanical strength, 1in particular an improved impact
toughness and damage tolerance, of the component 1is
achieved. A component according to the invention can
therefore also be wused for application having maximum
loading requirements such as, for example, as a bullet-

proof panel.

The side of the intermediate spaces present between the
individual windings, 1i.e. the spacing of the individual
fibre strands of a wound layer in plan view of the wound
layer as well as the sequence of the individual winding

angles or winding patterns between the individual winding



The wound layers arranged one above the other form an unsupported winding. That is, the winding
core used for winding the fibre material is removed before completing the fabrication of the component
so that a cavity enveloped by the wound layers is formed. In this way, the component can be used as
a hollow profile or as a container. According to a-fugther specific embodiment, the component is
configured as a crucible for the melting and crystallisation of a metal and/or semi-metal. The invention

also relatesltgﬁaegfethcognfor {Jab Ig%’gll’]l% ay m%oene\rfl%nfledg Ov‘; a %;‘leblre C éaneosggnmat Halt}gﬁwhlch at
least three wound layers of a fibre material are wound on a win mgycore,w erein: for each of the

wound layef$6He BEHRUHE WiRdings aréMoth@awvherein all the windings of one wound layer which has
more than one winding, are wound with the same winding angle and are separated from each other

onto the winding cote.at leastin some secions, tofom intgrmediate, spaces petweenthe windings,

the windings of at least two of the wound layers having the same first winding angle are wound on the

winding coreBHA" 3l ofthEBHESr m&RSwindiRgY of at18&st oR&Wdund 1&yer havifig a5688nd winding
angle, whosetagnitdde difes froasthenmagdpitude. efithe Firsowindingrangle are ounduarithe

winding core R such a mannet dhat this weund layeeis griaaged-beiweendhe atleasttwonaound
layers haviregotlprcladwindsire\ sckl%\r/ling tgg firs%wéndingi%n i%gnd actol%%st org—% of tf%%gvindivpggnhgving
circumferential surface. The wound layers thus form a
recess—free component wall, for example as vessel wall for
a crucible. The intermediate spaces between the windings of
a wound layer therefore do not serve to produce a component
having a perforated wall but for the interleaving receipt

of windings of other wound layers.

According to one embodiment of the invention, in each wound
layer which comprises more than one winding, the ratio of
the sum of the areas of the intermediate spaces between the
windings in the wound layer to the total area of the wound
layer is 0.05000 to 0.99999, preferably 0.90000 to 0.99999,
particularly preferably 0.99000 to 0.99999 and quite
particularly preferably is 0.99990 to 0.99999. Such area
ratios have proved particularly favourable with a view to

the stability and mechanical strength of the component.

According to the invention, the winding angles of all the
windings within a wound layer differ from one another by
less than 1°, preferably by at most 0.8°, particularly
preferably Dby at most 0.5° and quite particularly
preferably by at most 0.2°. This favours a uniform

mechanical strength of the component.

On the other hand, the magnitude of the second winding
angle differs from the magnitude of the first winding angle
according to the invention by at least 1°, preferably by at
least 2°, particularly preferably by at least 3°, quite
particularly preferably by at least 4° and most preferably



- 13 - the second winding angle intersects with at least one of the windings having the first winding
angle. The superposition of different winding patterns in conjunction with the intermediate spaces left
inside the wound layers enables an intermeshing of the individual wound layersand thusa certain
interleaving or interlocking effectwhichincreasesthetnechanical stability of the fabricated component.
Preferably the windings of the at least three wound layers are wound on the winding core in such a

manner thaj fhey,complelely-covey at Isasta section, gfthe windigg ore. Jhis sedion of he winding

core forms a contindous recess-frée wall on the f|n|s$1ed component. For each wound layerthe

windings oftRé fiBR& makstial A WotiAd Bhthe Windify éa1eSdparatediront BRE EHotTer &t least in
some sectiensatodornt irderpediatesspactesibetweendhe nindiags ag that thetratio of thielsirm of the
areas of thqﬂiﬂgg[r}%gi%tgtsp@ggg between the windings in the wound layer to the total area of the
wound layer is 0.05000 to 0.99999, preferably 0.90000 to 0.99999, particularly preferably 0.99000 to
0.99999 and quite particularly preferably is 0.99990 to 0.99999. Such surface ratios have provided
particularly ¥avoteatle hy regard te e stabitity of théicompoherttA iretlsdd accerding td-the invention

can comprigg,asfurthefers at least in some sections engages in at least
one 1intermediate space of a wound layer arranged below
and/or above the wound layer. The windings of the
corresponding wound layers therefore do not 1lie strictly
stacked upon one another but sections of windings of one
wound layer each penetrate into another wound layer so that
a firm mechanical connection between the wound layers 1is

obtained.

According to a particularly preferred embodiment of the
invention, all the windings of at least one of the wound
layers having the windings having the first winding angle
engage in the intermediate spaces of the at least one wound
layer having the at 1least one winding having the second
winding angle and/or 1in the intermediate spaces of the
further wound layer having the windings having the first
winding angle. For this purpose, preferably the windings of
the individual wound layers having the first winding angle
are arranged offset to one another so that the windings of
one of the wound layers containing windings having the
first winding angle are arranged over the intermediate
spaces of another of the wound layers containing windings
having the first winding angle. As a result, a uniform
intermeshing of windings relative to the circumferential
surface of the winding core or the component and therefore

a particularly high strength of the component is achieved.

Fach of the wound layers can comprises 1 to 2,000,
preferably 1 to 250, particularly preferably 1 to 150 and
quite particularly preferably 1 to 10 windings. The number



steps: impregnating the fibre material before, during or after the winding with binder and curing the
binder after the impregnating and after the winding of the fibre material. - 14 - The impregnation of the
fibre material preferably takes place during the winding. Alternatively to this, the winding can also take
place with already-pre-impregnated and/or stabiised fibre material (prepegs). Fundamentally, all
binders known to the person skilled in the art can be used, where good results are obtained in

particular if the mafrix material is selected from the group whigh consists of epoxide resing, ophenol
resins, vinylester resins, polyester resins, polyurethane resins, henzoxazine resins, novolacs, cyanate
ester resinst bsrRA&ImidE teging Phisaca6/Es polyolefinssuchas, forexample,

Furthermore the component preferably comprises at least 10,
preferably 200 to 10,000, particularly preferably 500 to
10,000 and quite particularly preferably 2,000 to 5,000
wound layers arranged one above the other. By adapting the
number of wound layers arranged one above the other, a
desired wall thickness or a desired mechanical strength of
the component can be achieved with predefined strength of

the fibre strands.

According to a further preferred embodiment of the
invention, in each case one wound layer having the windings
having the first winding angle and one wound layer having
the windings having the second winding angle are arranged
directly above one another in alternating sequence and
specifically particularly preferably directly above one
another. In this embodiment the resulting winding pattern
resembles a cross winding where, however in contrast to a
cross winding, the desired interleaving effect is achieved

by the different winding angles in terms of magnitude.

At least one additional wound layer can be arranged between
the at least two wound layers having the windings having
the first winding angle apart from the wound layer having
the windings having the second winding angle. By providing
such “intermediate layers”, the mechanical properties of
the component can be influenced in a desired manner. The at
least one additional wound layer can comprise one or more
windings wherein all these windings have a third winding
angle whose magnitude differs from the magnitude of the
first winding angle and from the magnitude of the second
winding angle. In this way, three or more different winding
angles can be combined with one another in order to further
increase the interleaving effect between the wound layers

and thus the component strength.



polypropylene, technical thermoplastics such as, for example, polyamides and any mixtures of two or
more of the aforesaid materials. Furthermore, the binders can comprise suitable fillers such as, for
example, carbon or graphite particles or ground or short-cut fibres. In addition, a suitable additive such
as, for example, hardeners, accelerators, emulsiiers, internal separating agents and the like can be
added to the binder. The curing can take place thermally and/or chemically depending on the type of
binder. After the curing, a carbonisation and/or graphitisation can be carried out in order to convert the
matrix material into carbon. In this way, carbon-fibre-reinforced carbon composite materials can be

produced. IR Ri§ 538 Lthe*carbohigatioi S ipreferaBly cafriéd 8uf aCR TEmperatirebf 4098 1,200C
and particularly qrefecablywf 600 tatl,00@G swhetesas theigraphiiisatiar isyprefenably ¢arried out at a

temperature, of, 1,400 t9,3,900C and particylarly preferably of,1.600 1o 2.A00G, {n prder o further

increase the carbon content of the matrix or increase the densﬂ(i/ of the fibre composite materials, after

the carboni€dtfon &r'graphitisation 8hothgf 6ABET tnordijuid Edmpaltidisteps taitbe Edified - 15 -
out using switabfe resins lamdiorpitdhes. Aftersachvsuchilicquidacompaction stéps a earbdhisation and/or
graphitisatien, isccarried out. i method agearding-totheGVipringiple :chemical yapeur-infiltration”)

can also be used.in order to further increase the cagbon fraction ipl éhetg]atrix. r,ﬁ\ccordir]gq.tona specific
embodiment of the Tvéntion, forthe w?nu&?r?d: Bndfess fibrestrands contaleninsgaca?rbcs)r? fibres are laid on
the windingthré . 'Befoie thenwindgcof e AItiRENEYErs oRtAEviAding coRSialpar@éulang program

can be created asdiofconfigurednyhich contadns eartre] -steuctions relating ta the wingling for an

automatic windi mgﬁgh e eir indi ft indi IS ace ish y uting the

control ins%%%ggs. The vl%/ﬂlzrilg;érlqg‘%;prg(I:111 s%s% s%q}:%n %?é){r%! %%%%?r#ed%oeug uI%/gaue%r%at‘?ééaeffl(\hy.CE
ayers.

Preferably the fibres are selected from the group which
consists of carbon fibres, ceramic fibres, glass fibres,
polymer fibres and mixture of two or more of the aforesaid
materials, wherein the polymer fibres are preferably
polyamide fibres, in particular aramid fibres, polyester
fibres, polypropylene fibres, polyacrylonitrile fibres,
fibres of oxidised ©polyacrylonitrile and fibres of
copolymers of two or more of the aforesaid materials and
mixtures of two or more of the aforesaid materials. Such
fibre materials are suitable for providing wound components
having high mechanical strength. The mean diameter of the
fibres in this case can be, for example, 3 to 20 pm. Fibre
bundles can also be used where the average number of fibres
per deposited fibre bundle can be between 500 and 400,000,
preferably Dbetween 1,000 and 50,000 and particularly
preferably between 3,000 and 50,000.

A component according to the invention can in particular
consist of a carbon-fibre-reinforced carbon (CFC), a
carbon-fibre-reinforced plastic (CFP), a carbon-fibre-
reinforced ceramic or a ceramic-fibre-reinforced ceramic
(CMC) . Such composite materials are characterised among

other things by a high mechanical and thermal stability, a



The invention is explained further hereinafter with reference to examples which explain this but do not
restrict it by reference to the drawings. is a side view of a winding core on which a first wound layer of
a fibre material according to a first exemplary embodiment is wound. shows the winding core
according to Fig. 1 with an additional second weuricblayer wound over the first wound layer. shows the
winding core according to Fig. 1 with an additional third wound layer wound over the second wound

layer. - 16 Binggf 4%@1%\’&/]% th]?evglgglcngn%oer? a%COEdi%%tocFlfll%'m]i\évglf resistance and a

high chemical purity.

The wound 1layers arranged one above the other form an
unsupported winding. That 1is, the winding core used for
winding the fibre material is removed before completing the
fabrication of the component so that a cavity enveloped by
the wound layers is formed. In this way, the component can

be used as a hollow profile or as a container.

According to a further specific embodiment, the component
is configured as a crucible for the melting and

crystallisation of a metal and/or semi-metal.

The invention also relates to a method for fabricating a
component made of a fibre composite material, in which at
least three wound layers of a fibre material are wound on a

winding core, wherein:

- for each of the wound layers one or more windings are
wound, wherein all the windings of one wound layer
which has more than one winding, are wound with the
same winding angle and are separated from each other
onto the winding core at least in some sections to

form intermediate spaces between the windings,

- the windings of at least two of the wound layers
having the same first winding angle are wound on the

winding core and

- all of the one or more windings of at least one wound
layer having a second winding angle, whose magnitude
differs from the magnitude of the first winding angle
are wound on the winding core in such a manner that
this wound layer is arranged between the at least two
wound layers having the windings having the first

winding angle and at least one of the windings having



an additional fourth wound layer wound over the third wound layer. Fig. 5is a side view of a winding
core on which two wound layers of a fibre material arranged one above the other are wound according
to a second exemplary embodiment. is a perspective view of the winding core according to Fig. S. is a
further perspective view of the winding core accerding+o Fig. S. is a side view of a section of a winding
pattern deposited on a winding core according to another exemplary embodiment. Figs. 9a

the second winding angle intersects with at least one

of the windings having the first winding angle.

The superposition of different winding ©patterns in
conjunction with the intermediate spaces left 1inside the
wound layers enables an intermeshing of the individual
wound layers and thus a certain interleaving or
interlocking effect which increases the mechanical

stability of the fabricated component.

Preferably the windings of the at least three wound layers
are wound on the winding core in such a manner that they
completely cover at least a section of the winding core.
This section of the winding core forms a continuous recess-—

free wall on the finished component.

For each wound layer the windings of the fibre material are
wound on the winding core separated from one another at
least in some sections to form intermediate spaces between
the windings so that the ratio of the sum of the areas of
the intermediate spaces between the windings in the wound
layer to the total area of the wound layer is 0.05000 to
0.99999, preferably 0.90000 to 0.99999, particularly
preferably 0.99000 to 0.99999 and quite ©particularly
preferably is 0.99990 to 0.99999. Such surface ratios have
provided particularly favourable in regard to the stability

of the component.

A method according to the invention can comprise as further

steps:

- impregnating the fibre material before, during or

after the winding with binder and

- curing the binder after the impregnating and after the

winding of the fibre material.



to 9dshow side views of a section of a winding core on which two wound layers of a fibre material (Fig.
9a), four wound layers of a fibre material (Fig. 9b), six wound layers of a fibre material (Fig. 9c) and
eight wound layers of a fibre material (Fig.9d)accordingtoanotherexemplary embodiment are wound.
According to a first exemplary embodiment of the présent invention shown in Figs. 1 to 4, a crucible for
melting a metal is fabricated from a fibre composite material by winding a plurality of wound layers of a

fibre materifixlfnto.a windirqggore or v%ndir}l%m%nlcggl 11, ;II' wingﬂin care 11 k;sfowr%gglé/sin part, is a

metal hollow %dylﬁ]g\ﬁﬁg a cyjﬁﬁaricg jactket section 13 gn ardLoame- rape%lrcaove¥ section 15. The

winding corB1a58 mélrteBFotatdtsly aBotfan axis g bt iR BA &/ supporting frame fétSshown, -
17 - where a feed hgadoafra winding mechine adsoenot showreisdispbsedrstichnthatiy can €@ posit

endless fibrgr%r)agps 17 5ompased ogpg}%erﬂ{g%eﬁginﬁed(%g@}gg igye.s %H&WM‘%&?%e 11. in this

way windings 23 which each run once completely around the winding core 11 are formed. I'I)uring the

deposition the endidsdShie SHRHTs &R imprediated Rttt Aicurahle Polynis-tiskd Bifbers

used, where good results are obtained in particular if the
matrix material is selected from the group which consists
of epoxide resins, phenol resins, vinylester resins,
polyester resins, polyurethane resins, benzoxazine resins,
novolacs, cyanate ester resins, bismaleimide resins,
bisoxalones, polyolefins such as, for example,
polypropylene, technical thermoplastics such as, for
example, polyamides and any mixtures of two or more of the
aforesaid materials. Furthermore, the binders can comprise
suitable fillers such as, for example, carbon or graphite
particles or ground or short-cut fibres. In addition, a
suitable additive such as, for example, hardeners,
accelerators, emulsifiers, internal separating agents and
the like can be added to the binder.

The curing can take place thermally and/or chemically

depending on the type of binder.

After the curing, a carbonisation and/or graphitisation can
be carried out in order to convert the matrix material into
carbon. In this way, carbon-fibre-reinforced carbon
composite materials can be produced. In this case, the
carbonisation is preferably carried out at a temperature of
400 to 1,200°C and particularly preferably of 600 to
1,000°C, whereas the graphitisation is preferably carried
out at a temperature of 1,400 to 3,000°C and particularly
preferably of 1,600 to 2,400°C.

In order to further increase the carbon content of the
matrix or increase the density of the fibre composite
materials, after the —carbonisation or graphitisation

another one or more liquid compaction steps can be carried



By moving the feed head and by turning the winding core 11 about the axis of rotation R during the
deposition of the impregnated endless fibre strands 17 a certain winding angle b is set between a
winding 23 and the geodetic line which completely spans the circumferential surface of the winding
core 11 parallel to the axis of rotation R. In this way @& first wound layer 20a is wound, whose windings
23 all have a winding angle b of 45. The endless fibre strands 17 are deposited at a distance from one
another so that intermediatelsg%g $25 xif}lget%agp the infi%\/ci%ual wi%%jtgg% 23. In.order to achieve a

. Ou Usin S or . eS. cacC SuUcC . .
predetermine Wlnﬁlnggangﬁle which wou 3 not be accessm?e as aresultof a relatlve}fy small slipping

friction of the\Wdditl layer BiPthewiRbing c6iedlon thé prec&ding WoutriHAgers, pids'8r &pin rim can
additionally deapriovidesizani the wisding mrjeewh'm:ht_hoquorrséabiﬁ@ the wotmddgyet in a_saitable

position in relatiop 1q the winding.care, The use gl pins is lso padicylarly pduantageaus if the change
in the winding angle from gne wound layer to a next is so large that at as a result of the relatively small

slipping fricti&it cho'Staite Adidingof e WoGRd IHYEFEET the Winding Tore: orthd Précéding wound

layers wouldlbe pessible.. - 18 - where the windings 23 of this second wound layer 20b have a winding
angle of 00. Then according to Fig. 3, a third wound layer 20a is wound over the second wound layer

20b onto th windigg coretll. The windi%gs 230 thig.third wou?d [gger 20nc Iikéatthe windljinﬁs 23 of the
first wound acycecrné a have %w?ndﬁ?gegﬁg & of 15'DU éIrTéernetfati?/ely offSet o the w%nocx?ﬁgs of the first
wound layef R0a $btHat ey Bfe beatebiabtvethé demediatersprices 25°6TRe fifstwoimd layer
20a. In so deoirg, the wirdings 23wf g secend-wound layer 20b are pressed into the intermediate
spaces 25 to a certain degree. Furthermore, according to Fig. 4 a fourth wound layer 20d is wound
over the third wound layer 20c onto the winding core 11. The windings 23 of the fourth wound layer

20d like theRFihgieys 23 oftha S5BEnPWoliR 13y 20b Have Bwitiding andle Bf 6 it are Bffset
relative to the windingsc23 efrthe seconghwounddayes20k sodhattheyhareolocated above dae

intermediate, spages. 25 of the; secand, weund layer, 20b., The windings 23;0f the, third: waund layer 20b

are thereby again pressed into qorrespondl&?% intermediate spaces 25 located thereunder. As a result
[

of the two différert Wirtihg BRGIS, tHeWindihgd'25 ot i fird\FE G 1ayE2 0% S RETESEt Rith the
windings 23 bfthewsetahdagourid layes 20brahdsthedouktl weurrtlayen20d thikewisen tiowindings 23

of the third wound-layer Z0¢ intersect with, thenwindings-23 of the-secend wednd layei20hand the
fOUthwn”gg%¥§%%Q%ut fully automatically.

The invention 1is explained further Thereinafter with
reference to examples which explain this but do not

restrict it by reference to the drawings.

Fig. 1 is a side view of a winding core on which a first
wound layer of a fibre material according to a

first exemplary embodiment is wound.

Fig. 2 shows the winding core according to Fig. 1 with
an additional second wound layer wound over the

first wound layer.

Fig. 3 shows the winding core according to Fig. 1 with
an additional third wound layer wound over the

second wound layer.



The two alternatively winding angles 0 and 45 are merely shown as an example. An alternative
exemplary embodiment of the invention provides that the windings 23 of the first, second, third and
fourth wound layer 20a, 20b, 20c, 20d have winding angles which are 0.3, 2, 5 and 6. - 19 - Further
wound layers are then wound over the existing wousd fayers 20a, 20b, 20c, 20d until the windings 23
of all wound layers arranged one above the other completely cover the jacket section 13 and the cover

section 15 g.thg v%ndings%o(ge sllt%ié‘a'ééfié%ﬁgi”d%f ?ffeth%ichBﬁ:eﬁfﬁ (_adt%ndflsg.fibie St qgs 17is
thermally or é}?emlcally cured and the winding core 11 is removed. T is can beaccomplished for
example by separating a¥ectisHoftheVdnding fermed Sppssite heeovEPEaetioAVisrand @ moving
the winding core 11 fromtthe windingrso that/a hollow body of wound layers arranged one above the
other is formed, which forms a crucible. Before or after removing the winding core 11, a carbonisation

and/or graphitisation can additionally take place in order to convert the binder into amorphous carbon

or graphite.'Fiures 5 to 7 $héw &ndthertiftiing tord 11 With 4&poSitéd bifertithprégnatsd endless
fibre strands 17, where itrcawrise stepndiese that the windings aetguided over adraritdideropening 33

of the winding core 11. Aggtatable shaft 28 whichdefines the axis of ratation B extends through the
opening 33. Itis additional!y dequced frorkr)loFAgL.mﬁethcat unlike in the exemplary embodiment shown in

Figs. 1 to 4, all the windir?gseﬁ?m%%e%fnat 4 central ‘point 31 at which the axis of rotation R passes

through the cover section 15 of the winding core 11. For the automatic execution of the winding, before
the windingrof dhe windings 23:0n the Mipding icoee 11 accpmpiiter prograny issareated ard/er
configured which containgggggggﬁq&trggti%%s gl i.ng to the winding for the drives of the rotatable
shaft 29 and the feed head. The previously described winding of the windings 23 can be carried out
fully automatically by executing the control instructions. - 20 -

Fig. 7 is a further perspective view of the winding core

according to Fig. 5.

Fig. 8 is a side view of a section of a winding pattern
deposited on a winding core according to another

exemplary embodiment.

Figs. 9a

to 9d show side views of a section of a winding core on
which two wound layers of a fibre material (Fig.
9a), four wound layers of a fibre material (Fig.
9b), six wound layers of a fibre material (Fig.
9c) and eight wound layers of a fibre material
(Fig. 9d) according to another exemplary

embodiment are wound.

According to a first exemplary embodiment of the present
invention shown in Figs. 1 to 4, a crucible for melting a
metal 1is fabricated from a fibre composite material by
winding a plurality of wound layers of a fibre material
onto a winding core or winding mandrel 11. The winding core
11, shown only in part, is a metal hollow body having a
cylindrical Jjacket section 13 and a dome-shaped cover
section 15. The winding core 11 is mounted rotatably about

an axis of rotation R on a supporting frame not shown,



Figure 8 shows a side view of a section of a winding pattern deposited on a winding core according to
another exemplary embodiment. It can be seen from this figure how the individual wound layers 20a,
20b of windings 23 intersect with quantitatively different winding angles in each case, where the
intersections are distributed non-uniformly with thelresult that the desired interleaving effect according
to the invention is achieved as a result of which the mechanical stability and mechanical strength, in
particular irrvlj%aecrt éouagh@eesésdaq?de%%m%%e tglerancogi%f th% component.ar irhc(g assekqogi ures 9a to 9d

. W1 9] ] .
show side views of a section of a winding core where two Woundelayers Oa, 20b are deposited in the

winding coréseRfsF Shéwh in Fitf 9alfouf MdURBRAREYS 208792615 2061268 afe @apasiteti'on the
winding core cegtier shownin frige: 9bi sixrwaunad ayers 20200, 120es 20d, 20e, 2@farerdeposited on

the winding core segtion shown in; Eig .9, and, eight waund ayers 208, 200,:20¢,20d, 20e,.20f, 20g,

20h are deposited on the winding core section shown'in Fig. 9d. Each two of these wound layers 20a

and 20b or 26EBNA P0t¥or 268HHY 20 5r 20 and 20rRabe tht saffe wiRdifgGngR4R 1&¥ns of
magnitude butedifferio segardmto thessiginwhereas thidoothersvoand! ayerseeacmhavgmanding angles

which differ;fram this i terms-ofypaghityde, Thesecrossswound layers in the sense of the present
invention each comprise two different wound layers. With this winding pattern non-uniformly distributed

intersections are also obtained with the result that the desired interleaving effect according to the
invention isBchievedss & fesuftet dvhictptheanechanidal stabifity Bha miédhianical Seéagthlin

particular impasi toughwess apd damage 4elecance, ofithe componenicarednereased - Zhe
REFERENQE&%EI}MiQdi@lacirgs]ss‘]afciiﬁgjtféecg%r%ands 17 a certain winding
angle R is set between a winding 23 and the geodetic line
which completely spans the circumferential surface of the

winding core 11 parallel to the axis of rotation R.

In this way a first wound layer 20a 1is wound, whose
windings 23 all have a winding angle 3 of 45°. The endless
fibre strands 17 are deposited at a distance from one
another so that intermediate spaces 25 exist between the

individual windings 23.

In order to achieve a predetermined winding angle which
would not be accessible as a result of a relatively small
slipping friction of the wound layer on the winding core or
on the preceding wound layers, pins or a pin rim can
additionally be provided on the winding core, which hold or
stabilize the wound layer 1in a suitable position in
relation to the winding core. The use of pins 1is also
particularly advantageous if the change 1in the winding
angle from one wound layer to a next is so large that at as
a result of the relatively small slipping friction, no
stable holding of the wound layers on the winding core or

the preceding wound layers would be possible.

Then, according to Fig. 2 a second wound layer 20b is wound

over the first wound layer 20a onto the winding core 11,



15Cover section 17Endless fibre strand 20a, 20b, 20c, 20d Wound layer 20e, 20f, 20g, 20h Wound
layer 23Winding 25Intermediate space 27Intersection point 29Rotatable shaft 31Central point

_18_

where the windings 23 of this second wound layer 20b have a

winding angle of 0°.

Then according to Fig. 3, a third wound layer 20a is wound
over the second wound layer 20b onto the winding core 11.
The windings 23 o0of the third wound layer 20c 1like the
windings 23 of the first wound layer 20a have a winding
angle of 45° but are relatively offset to the windings 23
of the first wound layer 20a so that they are located above
the intermediate spaces 25 of the first wound layer 20a. In
so doing, the windings 23 of the second wound layer 20b are
pressed into the intermediate spaces 25 to a certain

degree.

Furthermore, according to Fig. 4 a fourth wound layer 20d
is wound over the third wound layer 20c onto the winding
core 11. The windings 23 of the fourth wound layer 20d like
the windings 23 of the second wound layer 20b have a
winding angle of 0° but are offset relative to the windings
23 of the second wound layer 20b so that they are located
above the intermediate spaces 25 of the second wound layer
20b. The windings 23 of the third wound layer 20b are
thereby again pressed into corresponding intermediate

spaces 25 located thereunder.

As a result of the two different winding angles, the
windings 23 of the first wound layer 20a intersect with the
windings 23 of the second wound layer 20b and the fourth
wound layer 20d. Likewise, the windings 23 of the third
wound layer 20c intersect with the windings 23 of the

second wound layer 20b and the fourth wound layer 20d.

The two alternatively winding angles 0° and 45° are merely
shown as an example. An alternative exemplary embodiment of
the invention provides that the windings 23 of the first,
second, third and fourth wound layer 20a, 20b, 20c, 20d

have winding angles which are 0.3°, 2°, 5° and 6°.



33Front-side opening Axis of rotation i3r Yr 5Winding angle - 22 - CLAIMS 1.A component made of a
fibre composite material which comprises at least three wound layers (20a, 20b, 20c, 20d) made of a
fibre material that are arranged one over the other, wherein each of the wound layers (20a, 20b, 20c,
20d) - 19 -

Further wound layers are then wound over the existing wound
layers 20a, 20b, 20c, 20d until the windings 23 of all
wound layers arranged one above the other completely cover
the Jjacket section 13 and the cover section 15 of the

winding core 11.

Finally, the Dbinder of the impregnated endless fibre
strands 17 is thermally or chemically cured and the winding
core 11 is removed. This can be accomplished for example by
separating a section of the winding formed opposite the
cover section 15 and removing the winding core 11 from the
winding so that a hollow body of wound layers arranged one
above the other is formed, which forms a crucible. Before
or after removing the winding core 11, a carbonisation
and/or graphitisation can additionally take place in order

to convert the binder into amorphous carbon or graphite.

Figures 5 to 7 show another winding core 11 with deposited
binder—-impregnated endless fibre strands 17, where it can
be seen here that the windings are guided over a front-side
opening 33 of the winding core 11. A rotatable shaft 29
which defines the axis of rotation R extends through the
opening 33. It 1is additionally deduced from Fig. 6 that
unlike in the exemplary embodiment shown in Figs. 1 to 4,
all the windings 23 1intersect at a central point 31 at
which the axis of rotation R passes through the cover

section 15 of the winding core 11.

For the automatic execution of the winding, before the
winding of the windings 23 on the winding core 11 a
computer program 1is created and/or configured which
contains control instructions relating to the winding for
the drives of the rotatable shaft 29 and the feed head. The
previously described winding of the windings 23 can be
carried out fully automatically by executing the control

instructions.



comprises one or more windings (23), wherein for each wound layer (20a, 20b, 20c, 20d) comprising
more than one winding (23), all windings (23) of said wound layer (20a, 20b, 20c, 20d) have the same
winding angle (b) and are separated from each other at least in some sections to form intermediate
spaces (25) between the windings (23), all windings (23) of at least two of the wound layers (20a, 20c)
have the same first winding angle (b) and all of the one or more windings (23) of at least one wound
layer (20b), which is arranged between the at least two wound layers (20a, 20c) having the windings
(23) having a same first winding angle (0) , have a second winding angle (y), wherein the magnitude of
the second \WifidiR§ arleSyPI&diffRreAt fi6m tHetihadhitude of e firsbwiRdingPanyie(®} and wherein
at least onepaftthe windikrgs 213) ddving the setcand winding-angie () taterse ctsowithnattieast one of the

windings (23).baying the first wingiag angled(b). 2 The.componentagcarding to-¢laim d, gharacterised

in that the complete winding formed from all the wound layers (20a, 20b, 20c, 20d) arrangzeBd one

above the ot is TS TfitermBaiAis spdcaeihplan Vibw, 295 - of windings

intersect with quantitatively different winding angles in
each case, where the intersections are distributed non-
uniformly with the result that the desired interleaving
effect according to the invention is achieved as a result
of which the mechanical stability and mechanical strength,
in particular impact toughness and damage tolerance of the

component are increased.

Figures 9a to 9d show side views of a section of a winding
core where two wound layers 20a, 20b are deposited in the
winding core section shown in Fig. 9a, four wound layers
20a, 20b, 20c, 20d are deposited on the winding core
section shown in Fig. 9b, six wound layers 20a, 20b, 20c,
20d, 20e, 20f are deposited on the winding core section
shown in Fig. 9c and eight wound layers 20a, 20b, 20c, 20d,
20e, 20f, 20g, 20h are deposited on the winding core
section shown in Fig. 9d. Each two of these wound layers
20a and 20b or 20c and 20d or 20e and 20f or 20g and 20h
have the same winding angle in terms of magnitude but
differ in regard to the sign whereas the other wound layers
each have winding angles which differ from this in terms of
magnitude. These cross-wound layers in the sense of the
present invention each comprise two different wound layers.
With this winding pattern non-uniformly distributed
intersections are also obtained with the result that the
desired interleaving effect according to the invention is
achieved as a result of which the mechanical stability and
mechanical strength, 1in particular impact toughness and

damage tolerance, of the component are increased.



3. The component according to claim 1 or 2, characterised in that in each wound layer (20a, 20b, 20c,
20d) which comprises more than one winding (23), the ratio of the sum of the areas of the intermediate
spaces (25) between the windings (23) in the wound layer (20a, 20b, 20c, 20d) to the total area of the
wound layer (20a, 20b, 20c, 20d) is 0.05000 to 6.99999, preferably 0.90000 to 0.99999, particularly
preferably 0.99000 to 0.99999 and quite particularly preferably is 0.99990 to 0.99999. 4. The
component according to at least one of th%ﬁy@% characterised in that the winding angles
(b) of all the windings (23) within a wound ; ,20c, 20d) differ from one another by less
than 1, preferably by at most 0.8, particularly preferably by at most 0.5 and quite particularly preferably
by at most 0.2. 5. The component according togatdeast one of the preceding claims, characterised in
that the magnitude of the second winding.angle (y) differs from the magnitude of the first winding angle
(b) by at least 1. 6. The component according to at least one of the preceding claims, characterised in
that at least'ohe winding (23) of at leastOfierof 16 Wdlihd layers (20a, 20b, 20c, 20d) at least in some
sections engdges in at least one interrhediatsspdce(@25) of aavound layer (20a, 20b, 20c, 20d)
arranged belgw angfer abaye, thegmound layer 4 Ee component according to claim 6, characterised
in that all the windi (2 }?of at Jeast one of the wound layers (20a) having the windings (23) having
the - 24 - fi?sC%%Ving?(gg’an% 4 (b)zesn%ag%eoﬁlﬁriﬁehllr?t\é%ediate spaces (25) of the at least one wound
layer (20b) Raving the at least one winding@3y having the second winding angle (y) and/or in the
intermediate spaces (25) of the furthernpeunchiayer {206 haying the windings (23) having the first
winding angle (b). 8. The component rdi of the preceding claims, characterised
in that eacr?jc?f the wound layers (20a,al§§ %%%Egco%%l%i%&?é%s 1 to 2,000, preferably 1 to 250,
particularly preferably 1 to 150 and quite pakiisilySpraférably 1 to 10 windings (23).

31 Central point
33 Front-side opening
R Axis of rotation

B, v, O Winding angle



9. The component according to at least one of the preceding claims, characterised in that the
component comprises at least 10, preferably 200 to 10,000, particularly preferably 500 to 10,000 and
quite particularly preferably 2,000 to 5,000 wound layers (20a, 20b, 20c, 20d) arranged one above the
other. 10The component according to at least one f the preceding claims, characterised in that in
each case one wound layer (20a, 20c) having the windings (23) having the first winding angle (b) and
one wound layer (20b, 20d) having the windings (23) having the second winding angle (y) are
arranged directly above one another in alternating’&ience. 11The component according to at least
one of claims 1 to 9, characterised in that at least one additional wound layer is arranged between the

at least two, Woun%'ax‘aﬁg@?e&oqmgmgfheavv'@mg (23hbang the.frstuinging angle, (b) apart
from the wound layer (20 a?.’%the wmdmgi‘é?(ZS) having the second winding angle -25

The component a&ﬁ?@ﬁb% Slafimh 14° 2RArakidrisad TP 1Mt tHe dfeast G addifibinal wotmd Iayer
comprises one or Aore windirgsq23)awliereirealhthese wdndingsahaversethird mandiag angke (6) whose

magnitude differs frgm,themaghitiide of the fitstwinding angle (b) and from the magnitude of the
second winding angle (y).

- each of the wound layers (20a, 20b, 20c, 20d)
comprises one or more windings (23), wherein for
each wound layer (20a, 20b, 20c, 20d) comprising
more than one winding (23), all windings (23) of
said wound layer (20a, 20b, 20c, 20d) have the
same winding angle (B) and are separated from
each other at 1least 1in some sections to form
intermediate spaces (25) Dbetween the windings
(23),

- all windings (23) of at least two of the wound
layers (20a, 20c) have the same first winding

angle (p) and

- all of the one or more windings (23) of at least
one wound layer (20b), which is arranged between
the at least two wound layers (20a, 20c) having
the windings (23) having a same first winding
angle (B), have a second winding angle (vy),
wherein the magnitude of the second winding angle
(y) is different from the magnitude of the first
winding angle (fB), and wherein at least one of
the windings (23) having the second winding angle
(y) intersects with at least one of the windings

(23) having the first winding angle (B).

2. The component according to claim 1, characterised in
that the complete winding formed from all the wound
layers (20a, 20b, 20c, 20d) arranged one above the

other is free from intermediate spaces in plan view.



13. The component according to at least one of the preceding claims, characterised in that all the
windings (23) having the second winding angle (y) intersect with at least one winding (23) having the
first winding angle (b). 14. The component according to at least one of the preceding claims,
characterised in that the fibres are selected from_thg graup which consists of carbon fibres, ceramic
fibres, glass fibres, polymer fibres and mixture of two or more of the aforesaid materials, wherein the
polymer fibres are preferably polyamide fibres, in particular aramid fibres, polyester fibres,
polypropylene fibres, polyacrylonitrile fibres, fibres of oxidised polyacrylonitrile and fibres of
copolymers-of twoSrm6RINGFRE Hforesarimatsfiale and MiktuteLof tivo GBS 6Fthedresaid
materials. 15The component accerding tocatdastzonerof the preceding zlaims2chbractetisad in that

fibre composite matsrial is & carbopdibre-rginforced; carban(CFQ), a arhon-fibresreinforeed plastic
(CFP), a carbon-fibre-reinforced ceramic or a ceramic-fibrereinforced ceramic (CMC). 16. The

component accordifi'to &f ledstOne?31iRE prateding claihs, CHATACBfiSed TP Hat the Wouhd layers
(204, 20b, 20c, 20dy anangedtdrie aboveithg othézform an undgppored dvindingx 26227, The
component according to atdeast ong of the preeeding elaimsy chargeterised ipdhatthe gomponent is
conf_lgu_red as a cr% |Bge fo& E()?be’ m%tlng z}rbdd ryftsgllbs%l s &q gtrge@! 51%9/% ’semrl-e@%tgl.bQMet_hod for
fabricating a component made’of a fidre” composite material, in particular a co?nponen according to

one of the precedifg ¢S, frrwhich A $&ast Beree wourrd Thy ersr@Dbar 20B Y20, 206 of &%ibre
material are wound oo windingicose (1), whereiiularly preferably is 0.99990

to 0.99999.

4. The component according to at least one of the
preceding claims, characterised in that the winding
angles (p) of all the windings (23) within a wound
layer (20a, 20b, 20c, 20d) differ from one another by
less than 1°, preferably by at most 0.8°, particularly
preferably by at most 0.5° and quite particularly
preferably by at most 0.2°.

5. The component according to at least one of the
preceding claims, characterised in that the magnitude
of the second winding angle (y) differs from the
magnitude of the first winding angle (B) by at least
1°.

6. The component according to at least one of the
preceding claims, characterised in that at least one
winding (23) of at least one of the wound layers (20a,
20b, 20c, 20d) at least in some sections engages in at
least one intermediate space (25) of a wound layer
(20a, 20b, 20c, 20d) arranged below and/or above the

wound layer.

7. The component according to claim 6, characterised in
that all the windings (23) of at 1least one of the
wound layers (20a) having the windings (23) having the



for each of the wound layers (20a, 20b, 20c, 20d) one or more windings (23) are wound, wherein all
the windings (23) of one wound layer (20a, 20b, 20c, 20d) which has more than one winding (23), are
wound with the same winding angle (b) and are separated from each other onto the winding core
(11)atleastinsomesectionstoform intermediate spacgs (25) between the windings (25), the windings
(23) of at least two of the wound layers (20a, 20c) having the same first winding angle (b) are wound

on the winding core.(11) and. all of the one.aor mpte windings (23) of at least one wound layer (20b)
having a second W]?rllélﬁé aﬁﬁ]@% n((%vhgsneg%eagn%?de 8%%%%0% t e%rﬁ%nﬁﬂﬁee aﬁ[ Otg,lfﬁlar%t%winding

0
angle (b) are wourfdP8f ®fe V\fi%é%g,; eére H1D irfSuch @R anner that’his Woukayer (Z))is arranged
between the at least o wvotind layers£26a, 200} havingithe windings{23hlkaving thesfirshwinding

angle (b) and at legst,one, gf the yiadings (23)aving the seeond windipgangle (v) itersegts with at
(25) of the further wound 1layer (20c) having the
windings (23) having the first winding angle (p).

8. The component according to at least one of the
preceding claims, characterised in that each of the
wound layers (20a, 20b, 20c, 20d) comprises 1 to
2,000, preferably 1 to 250, particularly preferably 1
to 150 and quite particularly preferably 1 to 10
windings (23).

9. The component according to at least one of the
preceding claims, characterised in that the component
comprises at least 10, preferably 200 to 10,000,
particularly preferably 500 to 10,000 and quite
particularly preferably 2,000 to 5,000 wound layers
(20a, 20b, 20c, 20d) arranged one above the other.

10. The component according to at least one of the
preceding claims, characterised in that in each case
one wound layer (20a, 20c) having the windings (23)
having the first winding angle (p) and one wound layer
(20b, 20d) having the windings (23) having the second
winding angle (y) are arranged directly above one

another in alternating sequence.

11. The component according to at least one of claims 1 to
9, characterised in that at least one additional wound
layer 1is arranged Dbetween the at least two wound
layers (20a, 20c) having the windings (23) having the
first winding angle (pB) apart from the wound layer
(20b) having the windings (23) having the second
winding angle (v) .



- 27 - least one of the windings (23) having the first winding angle (b). 19. The method according to
claim 18, characterised in that the windings (23) of the at least three wound layers (20a, 20b, 20c, 20d)
are wound on the winding core (11) in such a manner that they completely cover at least a section of
the winding core (11). 20. The method according to,¢jaim 18 or 19, characterised in that for each
wound layer (20a, 20b, 20c, 20d) at least two windings (23) of the fibre material are wound on the
winding core (11) .}%%argtoelg from neaacncocgr%e .atgle%scg in ?’?me s§gtion%tg form intermediate spaces

. onern Tl alm , rirse
25) between the windings s% tﬁatt eratioo %he sum of the areas of the mtermed:lLate spaces between
g

the windings (23) intRe wWdtfhdPlayer@da, 208, 20t DoHY I the'totdl Ared b thecwdtad ESer (20a,
20b, 20c, 20d) is (-A5000-ton:98998; prefietably 0:H0000He H=09999) particatasly prefetahly 0.99000 to

0.99999 and quite pavicula,eferbivis:,98990 1 099998.2L Themethor accordingdo at leas

one of claims 18 to 20, characterised by the turther stetf),s: impregnating the fibre material before,
ihd

during or after the WiRBin§ WithHHAerS7F cBfing Be &F affertHe W preghating Rhd27d

from the magnitude of the second winding angle (v) .

13. The component according to at least one of the
preceding claims, characterised in that all the
windings (23) having the second winding angle (y)
intersect with at least one winding (23) having the

first winding angle (B).

14. The component according to at least one of the
preceding claims, characterised in that the fibres are
selected from the group which consists of carbon
fibres, ceramic fibres, glass fibres, polymer fibres
and mixture of two or more of the aforesaid materials,
wherein the polymer fibres are preferably polyamide
fibres, in particular aramid fibres, polyester fibres,
polypropylene fibres, polyacrylonitrile fibres, fibres
of oxidised polyacrylonitrile and fibres of copolymers
of two or more of the aforesaid materials and mixtures

of two or more of the aforesaid materials.

15. The component according to at least one of the
preceding claims, characterised in that fibre
composite material is a carbon-fibre-reinforced carbon
(CFC), a carbon-fibre-reinforced plastic (CFP), a
carbon-fibre-reinforced ceramic or a ceramic-fibre-

reinforced ceramic (CMC) .

16. The component according to at least one of the
preceding claims, characterised in that the wound
layers (20a, 20b, 20c, 20d) arranged one above the

other form an unsupported winding.



after the winding of the fibre material. 22. The method according to claim 21, characterised in that the
curing takes place thermally and/or chemically. - 28 - 23. The method according to at least one of
claims 18 to 22, characterised in that for the winding endless fibre strands (17) containing carbon
fibres are laid on the winding core (11). 24The methed according to at least one of claims 18 to 23,
characterised in that before the winding of the wound layers (20a, 20b, 20c, 20d) on the winding core

(11) a program is ?ﬁc?tedcao?nd/% g%nfiguargg: vvrhéclrrll%ontgions caocntrc:j{iGnésgucti%%se rel%tjpg ohtge winding
for an automatic winding mac%me, v&herem t%e winding of the windings 1i23) Is accomplished by
exemnmgtheconﬁQQH§ﬂkﬁ%n§;aimsf characterised in that the component

is configured as a crucible for the melting and

crystallisation of a metal and/or semi-metal.

18. Method for fabricating a component made of a fibre
composite material, in particular a component
according to one of the preceding claims, in which at
least three wound layers (20a, 20b, 20c, 20d) of a
fibre material are wound on a winding core (11),

wherein:

- for each of the wound layers (20a, 20b, 20c, 20d)
one or more windings (23) are wound, wherein all
the windings (23) of one wound layer (20a, 20b,
20c, 20d) which has more than one winding (23),
are wound with the same winding angle (B) and are
separated from each other onto the winding core
(11) at least in some sections to form
intermediate spaces (25) Dbetween the windings
(25),

- the windings (23) of at least two of the wound
layers (20a, 20c) having the same first winding

angle (pB) are wound on the winding core (11) and

- all of the one or more windings (23) of at least
one wound layer (20b) having a second winding
angle (y), whose magnitude differs from the
magnitude of the first winding angle (pR) are
wound on the winding core (11) in such a manner
that this wound layer (20b) 1is arranged between
the at least two wound layers (20a, 20c) having
the windings (23) having the first winding angle
(B) and at least one of the windings (23) having

the second winding angle (y) intersects with at



19.

20.

21.

22.

_27_

least one of the windings (23) having the first

winding angle (B) .

The method according to claim 18, characterised in
that the windings (23) of the at least three wound
layers (20a, 20b, 20c, 20d) are wound on the winding
core (11) in such a manner that they completely cover

at least a section of the winding core (11).

The method according to claim 18 or 19, characterised
in that for each wound layer (20a, 20b, 20c, 20d) at
least two windings (23) of the fibre material are
wound on the winding core (11) separated from one
another at least in some sections to form intermediate
spaces (25) between the windings so that the ratio of
the sum of the areas of the intermediate spaces
between the windings (23) in the wound layer (20a,
20b, 20c, 20d) to the total area of the wound layer
(20a, 20b, 20c, 20d) is 0.05000 to 0.99999, preferably
0.90000 to 0.99999, particularly preferably 0.99000 to
0.99999 and quite particularly preferably is 0.99990
to 0.99999.

The method according to at least one of claims 18 to

20, characterised by the further steps:

- impregnating the fibre material before, during or

after the winding with binder and

- curing the binder after the impregnating and

after the winding of the fibre material.

The method according to claim 21, characterised in
that the curing takes place thermally and/or

chemically.



23.

24.

_28_

The method according to at least one of claims 18 to
22, characterised 1in that for the winding endless
fibre strands (17) containing carbon fibres are laid

on the winding core (11).

The method according to at least one of claims 18 to
23, characterised in that before the winding of the
wound layers (20a, 20b, 20c, 20d) on the winding core
(11) a program 1is created and/or configured which
contains control instructions relating to the winding
for an automatic winding machine, wherein the winding
of the windings (23) is accomplished by executing the

control instructions.



