DEVI CE AND METHOD FOR PRODUCI NG A REI NFORCED FOAM MATERI AL 5 TECHNI CAL
FIELD The present invention relates to the technical field of

manuf acturi ng conposite nmaterials. In particular, the invention relates to
apparatus for manufacturing a reinforced cellular material and for taking
up a sem -finished textile product in a 10hook. Furthernore, the invention
relates to a system for manufacturing reinforced cellular materials, as
well as to a nethod for taking up sem -finished textile products in a hook,
for the reinforcenent of cellular materials. Likew se, the invention
relates to the use of a reinforced cellular material in an aircraft, as
well as to an aircraft conprising such a reinforced cellular material. 15
BACKGROUND TO THE I NVENTION Due to their good ratio of rigidity or
strength to density, conposite materials, and in particular sandw ch
constructions, are widely applied in many areas of aircraft engineering.
Ceneral |l y speaki ng, sandwi ch constructions are made froma top face 20sheet
or face layer and a bottom face sheet or face |ayer, between which | ayers
or sheets, for theypUEOARIPHMETIOBIVRIROILAING A REAIFOREED FOAM |
honeyconb-1like core structure formed bya¥gia¢al |y extending cells with
hexagonal cross sections. 2 The specific nechanical potential of cellular
materi al s, when conpared to such honeyconb structures, is |ower due to

their structure. Neverthel ess, abovegr@iNICAL FIELD

The present invention relates to the technical field of manufacturing composite

materials. In particular, the invention relates to apparatus for manufacturing a
reinforced cellular material and for taking up a semi-finished textile product in a
10 hook. Furthermore, the invention relates to a system for manufacturing reinforced
cellular materials, as well as to a method for taking up semi-finished textile
products in a hook, for the reinforcement of cellular materials. Likewise, the
invention relates to the use of a reinforced cellular material in an aircraft, as well

as to an aircraft comprising such a reinforced cellular material.

15
BACKGROUND TO THE INVENTION
Due to their good ratio of rigidity or strength to density, composite materials, and
in particular sandwich constructions, are widely applied in many areas of aircraft
engineering. Generally speaking, sandwich constructions are made from a top face
20 sheet or face layer and a bottom face sheet or face layer, between which layers or

sheets, for the purpose of increasing rigidity, there is a honeycomb-like core

structure formed by vertically extending cells with hexagonal cross sections.



t he manufacture of conponents and in the region of expanded conponent
characteristics, cellular materials are of interest due to their

mul ti functionality for 5 application in sandwi ch constructions for
structural aeronautical applications. For this reason various experinents
are being carried out in an attenpt to inprove the nechani cal
characteristics of the cellular materials wthout incurring an excessive
increase in density. By nmeans of sew ng techni ques, the incorporation of
pins, or by means of simlar nethods, the core is locally reinforced

wi t hout incurring a 10consi derable increase in the weight of the structure.
Moreover, in various nethods there is an option, by neans of |ocal
variation in the pin density and in the pin angle, of tailoring the
mechani cal characteristics of the core structure to a particular case of
application as weldspasfit ﬁfemﬁic%&éﬂﬁgp&e&ﬁh dr¥nateMRRT fhdf @MphiRE (IRehani cal
characteristics that are of interest fromthe point of view of statics, 15
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the thread. 5  mechanical characteristics that are of interest from the point of view of statics,
15 these core structures in addition comprise characteristics that are very interesting
as far as the impact or the degree of impact damage is concerned. For example, in

reinforced cellular materials a crack-stopping effect can be detected.

Among other things in the region of thermal and acoustic insulation, as well as in

20 their manufacture, these sandwich constructions comprising a high-resistance
cellular material core are associated with advantages when compared to
honeycomb structures, but they are associated with disadvantages in that they
comprise only comparatively poor mechanical characteristics. In order to
compensate for these mechanical disadvantages, sewing techniques are used by

25 means of which it becomes possible to incorporate fibres, fibre bundles or threads
in high-resistance cellular material components. After a resin infiltration process,
the regions interspersed with fibres then contribute to the mechanical

reinforcement of the cellular material.



Firstly, by neans of the sew ng nethod known as tufting, a thread can be
pul l ed through the high-resistance cellular material |ayer, and can be
affixed to a substrate, for exanple silicon rubber, situated on the
opposite face. After conpletion of the seamthe substrate can be renoved.
10 The second sewi ng nethod bel ongs to the category of double-face sew ng
nmet hods, wherein an upper thread froma face | ayer of the sandw ch
construction is stitched through the layer construction with a needle.
Subsequently the upper thread is affixed,3by nmeans of a bottomthread, to
t he opposite face of the | ayer 15construction. Due to the fact that the
needl e and the thread enter the cellular material at the sane tine, a hole
size is generated in the cellular material, which hole size is |arger than
the dianeter of the incorporated fibre quantity. For exanple, if the

20hi gh- res'Sta”Cthﬁ%%MJﬁ&h&ﬁ%ﬁﬁh&%ohﬁu%ﬂhkgﬁ&1&%R&§§§ﬁ&mn£9£uﬁ§anp|e
during infiltration, the renalnlngﬂv0| of the holes, which void is not

filled by fibre BumtHelpen¢tEting p rbilasynatasial byoseans offhecerisoud is By pigceset hods
have one aspect rﬂhf? &%%rgdeh%dé b{tﬂé fifre PuNB&Y: BpREAELIALLS the

cellular materia cess at the same tine incorporates the
thread in the cehkbh@%%mnteﬁmarnmwﬁatWWQdﬁﬁm@éggﬂud$mﬁg%ﬂm@éﬁﬂmdh@mh t he
cellular material the thread extends parallel to, and essentially over the
entire - 45- length of, the needle. The hole size of the insertion hole is
thus determ ned by the needle dianmeter and the thickness of the thread. A

t hese known net hBuglyabemazns ot ihgtsedingintekhod kapwmap/ afinggethiead edndie mafleder

through the high-resistance cellular material layer, and can be affixed to a
substrate, for example silicon rubber, situated on the opposite face. After

completion of the seam the substrate can be removed.
10

The second sewing method belongs to the category of double-face sewing
methods, wherein an upper thread from a face layer of the sandwich construction
is stitched through the layer construction with a needle. Subsequently the upper
thread is affixed, by means of a bottom thread, to the opposite face of the layer

15 construction.

Due to the fact that the needle and the thread enter the cellular material at the
same time, a hole size is generated in the cellular material, which hole size is
larger than the diameter of the incorporated fibre quantity. For example, if the
20 high-resistance cellular material is further processed, for example during
infiltration, the remaining void of the holes, which void is not filled by fibre

bundles, is filled by the resin.

The known sewing methods have one aspect in common, namely that first a
25 needle penetrates the cellular material and in this process at the same time
incorporates the thread in the cellular material. In this process during insertion in

the cellular material the thread extends parallel to, and essentially over the entire



5wi t hdrawal of the needle fromthe cellular material the remaining hole is
too large in relation to the thickness of the incorporated thread. This

| eads to a situation in which after infiltration with a resin the hole
region that is not taken up by fibres is filled with resin, and
consequently the inprovenent in the nechanical characteristics is not

i npl emented by the fibres, as desired, but instead, depending 100on the

met hod, is essentially inplenmented by the incorporated resin. However, the
i nprovenent of the specific, i.e. weight-4el ated, nechani cal
characteristics is insufficient, when conpared to those of honeyconb
structures, for the |ightweight construction potential necessary in
aircraft engineering, so that the use of cellular materials reinforced in
this way can only sel dom be considered. 15 In order to illustrate the
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made; msufﬂcwnt, when compared to those of honeycomb structures, for the light-

weight construction potential necessary in aircraft engineering, so that the use of

cellular materials reinforced in this way can only seldom be considered.
15

In order to illustrate the importance and the advantages of the present invention,
the following should be added in the context of the technical field of

manufacturing reinforced materials:

20 Investigations of the effects of titanium pin reinforcements on the failure pattern
of the sandwich construction have shown that in the case of reinforced cellular
materials the area of damage clearly remains limited to the region within an inner
row. It is thus clear that the damage is locally confined. During further
investigations the effects of the space between reinforced regions can be

25 determined. If, in a relative dense reinforcement, failure of the face sheets is due
to complex interaction of local and global flexing and shear failure of the face
sheets, when the rigidity is reduced, due to the lower reinforcement density the

face sheet failure is dominated by bending. The damage pattern shows localised



they show that in the case of a non-reinforced cellular material the main
failure nechani sm consists of m crobuckling of the face sheets. However, in
the case of reinforced cellular nmaterials, separation/rel ease of the pins
is the main failure mechanism Apart fromthe NDT behavi our of reinforced
cellular materials it is 10al so possible to investigate the dependenci es on
the reinforcenent angle. One result denonstrates that the limting val ue
for the introduction of damage as a result of pulling the pins fromthe
face | ayer depends strongly on the pin amgle. In the case of a 100
reinforcenent the limting value at which danmage that is worth nmentioning
occurs is nore than twice the value in the case of a 200 reinforcenent.

151 nvestigation (both experinmental and by neans of FEM anal ysis) of the
energy absorption capacity of reinforced cellular materials subjected to
pressure | oads 5'&91%0:: aﬁ@'&mé}b{cx‘a@l&ﬂﬁ%'n’ﬂﬁa&é@ﬁa&héﬁl{rl‘)‘éﬁn"o dRBEBeigYevRRsOr ption
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result of pulling the pins from the face layer depends strongly on the pin angle. In
the case of a 10° reinforcement the limiting value at which damage that is worth
mentioning occurs is more than twice the value in the case of a 20° reinforcement.
15 Investigation (both experimental and by means of FEM-analysis) of the energy
absorption capacity of reinforced cellular materials subjected to pressure loads
shows that by increasing the thickness the energy absorption capacity can be
greatly increased. It is important to ensure that the space between reinforcement
elements is less than half the wavelength of the folds that are created in a non-

20 reinforced sandwich construction of the same design.

Reinforcement by means of stiffened pins:

In industrial development projects a new core material has been developed that
corresponds to the characteristics of the 48 kg/m3 honeycomb while saving 10%

25 in weight. This new core comprises a light cellular carrier material that is
reinforced by thin pins in order to improve its structural characteristics. The
reinforcing semi-finished products are thin bar-shaped elements of any desired
cross section, provided they comprise adequate inherent stiffness because

otherwise they cannot be processed. The diameter of the pins used is between



Smaterial, and in a second step they are transforned at the surface. The
resulting product is nmarketed by the tradenmark of KCORTM As an alternative
to the above the pins can also enter the face layer. This product is
comercially avail able by the nane of X-CORTm This nethod provides a very
consi der abl e advantage in that the sem -finished reinforcenent products can
be manufactured in a separate 10process step as an endl ess product.
Especially in the case of sem -finished bonded fibre fabrics, whose
characteristics depend greatly on the filge volune content and the fibre
orientation, this is very positive. Designers thus have the option, by
varying the local pin density, pin length, pin dianeter and pin angle, to
design a core that is optimal for each application. Possible angles range
fromvertical pins 15for conponent regions that are particularly strongly

subj ected to pregsus &g df 13{&9' %@Q§t%§&u%gh%?g{) §£’vef19£te1§i‘se§{araa%h£ﬁc9r cenent .

Rei nforcenent by means of dry sem-finishe uct's: rei nforcement of
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Exanpl es i ncl ude t Iock S |5ch and the %haln titch
that the semi-finished reinforcement products can be manufdctured in a separate
10 process step as an endless product. Especially in the case of semi-finished bonded
fibre fabrics, whose characteristics depend greatly on the fibre volume content and
the fibre orientation, this is very positive. Designers thus have the option, by
varying the local pin density, pin length, pin diameter and pin angle, to design a
core that is optimal for each application. Possible angles range from vertical pins
15 for component regions that are particularly strongly subjected to pressure, to

angles between 20° and 30° for shear reinforcement.

Reinforcement by means of dry semi-finished products:

Dry reinforcement of cellular materials is possible using various methods: sewing
20 methods, winding-/braiding methods and stapling methods. The resulting products

differ greatly both in the quality and in the flexibility of their reinforcement.

Finishing of the dry-reinforced cellular material cores takes place in a subsequent

infiltration process.

25 Sewing methods:

There are two sewing methods that differ in principle: namely the single-face
sewing methods with only an upper thread (e.g. tufting, blind stitching), and the

double-face sewing methods comprising an upper thread and a bottom thread.



50 these types of stitches the double |lock stitch has been shown to be
nost suitable for reinforcing a cellular material. To formthe double |ock
stitch an upper thread and a bottomthread are used in the textile
industry, also referred to as needle thread and gripper thread. The needl e
thread is kept in the needle by neans of the eye of the needle, which is
situated in the tip of the needle, and is stitched 10 through the
conponent. During the reverse novenent of the needle, the needle thread
forms a loop that is gripped by the gripper tip. As a result of the
rotational novenent of the gripper the loop is enlarged and pul |l ed around
the gripper In this process the needle thread | oop is placed around the

| ooper thread so that the latter is affixed. The position of the | ooping
point is set by way of the thread IStension. In the textile industry it is
conmon, by meansgof wedGilsCal diRB&ScFRE Safn@Rd DA ALY §REAENZIARR, 1O
position the knotting point in the mddle of the goods to be sewn. In this
way, anmong ot her stidi tipss aredinovn drogrisetilp prop¢seingthixampled inglugbithe lpgk sitcht he seam
is achieved. Wth ¢ e..0f the double | ock stitch in bonded fibre

t echnol ogy, thisgﬁygsﬁgﬁﬁFQ%frangenent of the knot results in a host of
20undesirabl e side effects. Pulling the thread through the substrate
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fibre technology, this mid-point arrangement of the knot results in a host of

20 undesirable side effects. Pulling the thread through the substrate increases the
already arising undulation of the fibres in the placed scrim. However, since the
interaction of bonded fibre fabric depends very strongly on the defined alignment
of the fibres in the laminate, any interference, although unavoidable, is to be kept

to an absolute minimum.
25

A further side effect refers to the sewing-together of bonded fibre fabric textiles;
apart from fixing the individual layers such sewing-together also makes it possible

to improve the interlaminar shear strength, i.e. reinforcement in the third



15 In an English sewi ng device, for exanple, the individual sew ng needl es
are replaced by a needl e bar by neans of which several stitches can be made
at the same tine. The gripping systemon the bottomface of the substrate
is substituted by a principle fromthe field of projectile weaving | oons.
After stitching, the 20l oops of the upper threads are opened up on the
bottom face, and the bottomthread is shot through all the |oops.

| nvesti gati ons have, anobng ot her things, been carried out on conponents
that were reinforced by neans of the doulde lock stitch. in the case of
reinforced cellular materials the surface of a separated face sheet reduces
considerably after the effect of an inpact, wherein, depending on 25the
stitch density, the damage visible fromthe outside is only slightly |ess
than the inner danage. The anount of absorbed energy first increases until
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[ xed when t he: nBaUr s B AEHE Guhe HREENPAIT O 1S RN
10 The described principle of creating a double lock stitch in a semi-finished textile

product cannot be transferred without modifications to the reinforcement process

of semi-finished cellular products, namely due to the high substrate height relative

to textiles. For this purpose corresponding equipment was developed in

corresponding research projects.
15

In an English sewing device, for example, the individual sewing needles are
replaced by a needle bar by means of which several stitches can be made at the
same time. The gripping system on the bottom face of the substrate is substituted
by a principle from the field of projectile weaving looms. After stitching, the

20 loops of the upper threads are opened up on the bottom face, and the bottom
thread is shot through all the loops. Investigations have, among other things, been
carried out on components that were reinforced by means of the double lock
stitch. In the case of reinforced cellular materials the surface of a separated face
sheet reduces considerably after the effect of an impact, wherein, depending on

25 the stitch density, the damage visible from the outside is only slightly less than the
inner damage. The amount of absorbed energy first increases until it decreases
when the face sheet is perforated. Further investigations relating to the behaviour
of cellular materials that were reinforced with the use of sewing techniques have

shown that with this type of reinforcement there is an increase in the damage



It is an object of the present invention to state inproved manufacturing of
15reinforced cellular materials. According to the present invention,
apparatus for manufacturing a three-dinensionally reinforced cellular
material and for taking up a sem -finished textile product in a hook is
stated, as well as a systemw th the characteristics of the 20i ndependent
clainms. The present invention is inplenented only in an exenplary manner
with cellular materials providing the exanple, but it can also be applied
to other fields. Furthernore, in the context of the present invention the
termfibre bundle refers to 25rovings nmade froma nultitude of non-tw sted
stretched individual fibres or nonofilanents, individual fibres thenselves,
as well as threads that have arisen as a result of the tw sting of

individual fibres or fibre bundles. To the extent that in - 10 - the
context of the p [RSERE, AsYSOL i %cﬁ&iéﬁ%%nﬁ&l %%HICQI cthlé‘@ctrehétfél( ngss of a
fibre bundle, this refers to the sum of i ndi vi du ibres in a

conpressed form tRUhE frsrares i We&%ﬁ’élsplpé@@rbé’tdatm#asﬂlﬁl%@%éﬁ‘w%ﬂmﬁ‘@o‘iﬁoﬁ ¢ he
i nvention, the SX&%E&{%@%?? %x Q@rg%ggstl&q)ﬁlecﬁﬂaméje'\ﬂﬁg ldbrlh ed t%ltl%,odhggd}“s ed for

nanufacturlng entire mat eri al s reinforcenent materials
whi ch are not cIassn&ﬁemudsﬁg@ﬁvwmgnwﬁhéﬁmﬂhxﬂmkeﬁwpmmUmﬁéswAEcord|ng to an

exenplary e gb odi g@c@&mb% o&l? Fof e ?‘QE élﬂl\é%mchﬂg ﬁn(ﬁl@ﬂﬁ'&%&éﬂ ?01‘fe%mple,

possible sewing methods.

Due to stitch formation, blind stitching is unsuitable as a reinforcement method.
Tufting as a sewing method is related to double lockstitching, except that the
10 bottom thread is replaced by a substrate, for example silicon, in which the formed

loop is fixed when the needle is withdrawn.

PRESENTATION OF THE INVENTION

It is an object of the present invention to state improved manufacturing of

15 reinforced cellular materials.

According to the present invention, apparatus for manufacturing a three-
dimensionally reinforced cellular material and for taking up a semi-finished textile
product in a hook is stated, as well as a system with the characteristics of the

20 independent claims.

The present invention is implemented only in an exemplary manner with cellular
materials providing the example, but it can also be applied to other fields.
Furthermore, in the context of the present invention the term fibre bundle refers to
25 rovings made from a multitude of non-twisted stretched individual fibres or
monofilaments, individual fibres themselves, as well as threads that have arisen as

a result of the twisting of individual fibres or fibre bundles. To the extent that in



10manufacturing a reinforced cellular material and for taking up a

sem -finished textile product in a hook is stated. In this arrangenent the
apparatus conprises a first sub-unit with a transport device, as well as a
second sub-unit with an uptake device. In this arrangenent the transport
device is equi pped such that the sem finished textile product can be
conveyed into the uptake device. In contrast to this, 15 the first sub-unit
and the second sub-unit are equi pped such that as a result of a relative
novenent of the first sub-unit relative_-tig-the second sub-unit the

sem finished textile product can be laid at defined | ength. The uptake
devi ce of the second sub-unit is further designed such that as a result of
rel ati ve novenent of the uptake device relative to the hook the

sem -finished textile product can be 20placed in the hook. The transport
devi ce, accor di ng, tg,they m%\rfp?&gﬂt%en@én EREnE & $laad 1R dkn&@Br PEORNY

apparatus that is able to transport the sem-finished textile product in a
predet er m ned di pewtd, gns refss topheawadofial inditidek fibfepin saoomppiseeddermy hooked
needl e. For exanple, such placenent takes place after the hook has
penetrated the material to be reinforced, or the cellular material to be
reinforced. This transport device can thus be inplenented, fir exanple, by
means of so-cal | Edrtharapispibe prepest rrprsiuswipdosHng 1o (Be inetnien. taosyaigmeagd the
scounter-r O%af[ e In%ﬁu%d%?xp tffrg(ﬁxﬁlr%{i, a%é)% luQe?i%ﬁ’mBMcu@inﬁ @m&lfy'dﬂife?gﬁd_ textile
product that is situated in the mddle between the"two rfollers is
transported by t hetesiglsfadesinpfcetmsrt mytdady whiply armpatrpdasyified s semi-Gnighedf or ces.
Li kewi se, transport..belts.or individual mechanical grippers arc also
i magi nabl e, mhicﬁxéfgé(ﬁrghsport device transport the sem -finished textile
product along the predetermned axis. It is the object of the 10transport
of the sem -finished textile product to transport a defined |l ength of the
sem - i ni shed pr aduslink & it pRHULRAMA e LA ARG dFYI:GE: fob Or der fo
subsequent |y incorporg éf |nefﬁ% rélngérC|%g n%terlaﬁgltﬁeﬁ%gslred quantity
of semifinil§hed prodectrie 4 keforewtcetnlaungetal adbPhakmgluapisvei-hystedent of t he
f Irst .SUb- unit r ?elxﬁ}elp\foedtu%tQH ta'ﬁgol? g%gl[%q I?\L{It?é BILQzlmtoeﬁ]Qntl(tjﬁeSa Bgrht[a? L Rrises a .
significance refers to ree different and i ndependent novenent variants of
t he apparatus. Fiirsstdbyynit witlr efrgsport devivovasmeititas b neonhd oiv-unitevifhi angiptageib- uni t
remains rigidly qr .fi y inits sjtion %hile,the entire npvenment is
Compl eted by a nvdttelt berarshEuBERsaR i % <lbafhigh B S s
possi bl e for thefisgbanextdtiprodiun He coovelyed ftythe epraftentevine.ilh sopasitd ity and
for only t qg fir t te flsrsl.{lgﬁ[y—gl!n% ax}dotherrsoe\c/:gﬁd S-II;E—%nit are equipped such that as a result of a

relative movement of the first sub-unit relative to the second sub-unit the semi-

finished textile product can be laid at defined length. The uptake device of the

second sub-unit is further designed such that as a result of relative movement of

the uptake device relative to the hook the semi-finished textile product can be

20 placed in the hook.

The transport device, according to the invention, of the first sub-unit can be any
apparatus that is able to transport the semi-finished textile product in a

predetermined direction.
25

For example, the semi-finished textile product is to be inserted in the uptake

device of the second sub-unit where, in a gap of the uptake device, it is to be



termrelative novenent also refers to a third option of novenent, in which
both the first sub-unit and the second sub-unit nove, as long as in this
manner, as is the case in all the other novenent variants, the

sem -finished textile product can be laid at defined length. 25 In this
arrangenment this and any other novenent of the present invention can be
generated by any desired drive neans, for exanple by electrical,

mechani cal, pneumatic or hydraulic drive means. - 12 - In this arrangenent
the termdefined length is to be interpreted such that, after conveyance of
the sem -finished textile product into the uptake device and the relative
novenent of the first sub-unit relative to the second sub-unit, the
position 50f the sem -finished textile product is adjusted when conpared to
the uptake device and consequently to the position at which the

sem - fini shed progductiyhsobidk&e &ﬁﬁ@@f MivokédIndelle SFRELAIE nﬁﬂ‘ﬁpllc@fn@nt
predeterm ned length is nost often determned by the required length of the
sem - fini shed pr quﬂmkwﬂﬂﬁéehﬁﬁéﬁ$ﬁﬂmvﬁﬂbéeHﬁ@@@§§éﬁ“ﬂqﬁmﬁﬁﬁﬁﬂ§ontext t he
material thi Cknegéluﬂ? a'ie@lgl t'o%§ ?Jné)ﬂof?: d.? g'tﬁnﬁfoxt@e@igg&%%us%% gleffi’lg ;@Wh' ch
the sem -finished product 1s up 1'n the materi al e pur pose
of rei nforcenment fiapxniplgpby tramts Oaiﬁramlkd ir@&POITfFé]CISeWWFh vl agpinner swosderent i n
this exenplary e nen e Ve ment
for placenegt ofngﬁgxsen%t%fﬁ%%ﬁm% ﬂ%wﬁ&h%ﬁo mg%ﬁ%gfﬁglh 1% this
context, rel ati veitrmpdemtatmiddt bétesenttbe Mmerom)vemmpouéd brhibe snpfzakseofdm/l ce
oLt e D e SHLRS R o P R PESRE bRt o
case both the uphaMEmdﬁmy@@mcammheﬁnqymmkh@hmbuem&mﬁpmmd&mmuheqhﬁom:renains
inits position, reversed v nt i 0SS t nt ext of
the first case |fm%‘BHQIdE%“5@H@PgdﬁPﬁ§f %%“P@H?d?¥ﬁ99 Bﬁcg ngW% pr oduct
i's connectad to thepupbadke saevikdedreianpiodadty trangort ndéirkotghtof @rsM tti ng
manner so that the senl finished textile duct urlng ment of the

upt ake device mo¥e¥ THIGRYPIAIE Frethg éﬁr%&é’“dﬁe?lg@f S Gl ?Wé’l‘ge

orientation. Cons@@eRehtyincdrporhtB8n tHelr&ihideAsemailli ACREBA re@iuanh§ oFemit | ni shed

textile product in the hook or in any other desired device for taking up
t he finished product either cut or uncut.

15 The relative movement of the first sub-unit relative to the second sub-unit in its
principal significance refers to three different and independent movement variants
of the apparatus. Firstly, it refers to movement in which the first sub-unit remains
rigidly or firmly in its position while the entire movement is completed by a
movement of the second sub-unit. Secondly, it is also possible for the second sub-

20 unit to firmly remain in its position and for only the first sub-unit to move. The
term relative movement also refers to a third option of movement, in which both
the first sub-unit and the second sub-unit move, as long as in this manner, as is the
case in all the other movement variants, the semi-finished textile product can be

laid at defined length.
25

In this arrangement this and any other movement of the present invention can be
generated by any desired drive means, for example by electrical, mechanical,

pneumatic or hydraulic drive means.



25 sem -finished textile product is possible. However, the second case,
too, in which the uptake device is at rest, and thus due to the nmechani cal
connection the sem finished textile product is also at rest, a novenent of
t he hook towards the sem finished textile product acconplishes uptake of
the sem -finished product in the hook. However, a m xed formof these two
variants is also possible, in which both - 13 - conponents, nanely the

upt ake device and at the sane tinme also the hook, nove so that the

sem -finished textile product is placed.imn.the hook. Thus this exenplary
enbodi ment of the present invention is able to nake a hole 5in the cellular
material before the fibres are pulled into the cellular material. For this
reason the systemaccording to the invention can inprove reinforcenent of
cellular materials with fibres to the effect that essentially the
incorporated fibres are responsible for inproving the nechani cal
characteristics of the cellular material core, rather than the resin, which

| subsequent 1 nf LiLALLAMATRCEAR B ARTON: it R exaaRahy ot | o | arge

hol es around the res elng responsi bl & for foresaid
present appar at usoracmtmfnt}p eoifihshidiogie podudt site haspiake devpegind then t 0

i npl ement the ady, egcgg/g?%%xggntg ir sE ﬁlbq{] gt?'vectg ltllelﬁla&rnggﬁ &lid ‘Me 031%1t) hout

there 15being a n 0 acce o associ ate sadvarit ages.
According t6 a fuﬁmhsnmékﬁmplaxMe@nhoduwamuwdﬁwmheomp@@bMﬁmamv@wt|on t he

appar at us furthernnrengcggnﬁggﬁuowm mﬂm%gx%n8¥&% ﬁﬁﬂﬁ QEg¢¥%&€

equi pped such thd?the sem rex pr odu can
defined | ength. 2@en up. In this arrangement this predetermined lenoth is most often determined

by the required length of the semi-finished product in the material to be processed.
In this context the material thickness and the insertion angle or placement angle at
10 which the semi-finished product is to be laid up in the material for the purpose of

reinforcement are important quantities.

The term relative movement in this exemplary embodiment of the invention is
also used for the movement for placement of the semi-finished textile product in

15 the hook. In this context, relative movement relates to thé movement of the uptake
device relative to the object that takes up the semi-finished textile product or the
fibre bundle, thus for example the hook. This means that in a first case both the
uptake device carries out the movement while the hook remains in its position,
and the reversed variant is possible. In the context of the first case it should be

20 noted that the semi-finished textile product is connected to the uptake device
mechanically and in a force-transmitting manner so that the semi-finished textile
product during movement of the uptake device moves along in the same direction
and in the same orientation. Consequently, in the first case, placement of the semi-
finished textile product in the hook or in any other desired device for taking up the

25 semi-finished textile product is possible. However, the second case, too, in which
the uptake device is at rest, and thus due to the mechanical connection the semi-
finished textile product is also at rest, a movement of the hook towards the semi-
finished textile product accomplishes uptake of the semi-finished product in the

hook. However, a mixed form of these two variants is also possible, in which both



The invention is based on the idea that the fibre bundles for reinforcenent
of a cellular material are not incorporated at the same tine during the
production of the holes in which the fibre bundles are finally to be
present in a directed manner, but instead to firstly provide the cellular
material with a through hole froma first 25 surface in the direction of a
second surface, and then subsequently to pull a piece of a sem -finished
textile product or a fibre bundle, which has been provided on the other
side of the second surface, into the thrqgggh-hole in the direction of the

- 14 - first surface. This applies to the present exenplary enbodi nent and
to all the other exenplary enbodi nents of the apparatus according to the
invention. This object is to be further supplenented by the option, by

| ocal variation of the 5 sem -finished product density or the pmdensity
and of the anglei ich, ok iqpd:shed ' ed in
the cel Ul ar et ST hE el AL ek B0 ELPUHEL FEh, HEFRERAL T
structure to thespéntthesdmarfingbpd @t poduandplead indahbsk. r equi red nmechani ca
characteristics. This is possible only to a limted degree if the seamis
to remain closed. For this reason, the apparatus according to 10 the
invention, as is the case in this exenplary enbodi nent, can conprise at

| east one cutt i nghisthisenemlary gmbedimentey thetpeessririrveniion i§ hkld ta wrkd 4 kolpr oduct

to length. bn LNl SnPLARES Sulhe, KRGUUE 3 SohMehd e AR sl g pr oduct

is determ ned by e 1 ndivi requirenent,” for exanple by e thickness
of the cellular feteadoalthetsystbe ac@rdifiDiogkuinvantidn ban im@eOVplndrlhtO:rqmantgﬁe of the
sem - f Inks hed pr (qul atr n{apegiolstwr}&l fﬁ)?elzsltéJ lh%reff%é%égsérﬂ{a}% He n%a)%:ol ﬁ!ﬁd fibres .

sem -finished textilTe proaucts are to be'used Tn & apparatus according to
the invention, the repbisitigfooimmhvief) theemichdnical shedteriexdsiof iepelbduct s requi res

special cutters, then these speci.al cutti. i npl emrent s, ar.e possi bl e as
exenpl ary 20 enﬁ%g?ﬁgﬁT%FﬁﬁﬁﬁpPﬂFFSWPﬁ%%%%Hf%%ﬁ“@ﬂ??é@?aﬂﬁ]ﬁuﬁfgrp

kni fe-1ike 1bl adesipws Intd e atcesiyesiaighhelet aowskxhe tibies, lbgink Mppemsiing Sortieat appl y
separation procesips_resulting from heat, ultrasound, cutting by means of
an el ectrical cuPP%itidor by neans of light. 25According to a further

exenpl ary enbodi nrent of the present invention, the cutting inplenment is
attached to the first sub-unit. This exenplary enbodi nent of the apparatus
according to theTbnventipn‘[s,,fpﬂrexangle rﬁhomm in Figr.l twhose first
sub-unit 6 conpr il SeRESRLIPPARIArcRrdipg g TG IYILGN (53BN 3 PPFHALYE ar e
mechani cal cutti pgplen@l: @ERAYSaped b radegorcedesialan makeagboveumdst oned nore

specialised _cutting inplenents cannot be exgﬁgded as
15 being a need to accept the hitherto associated disadvantages.

According to a further exemplary embodiment of the present invention, the
apparatus furthermore comprises at least one cutting implement that is equipped

such that the semi-finished textile product can be cut to the defined length.

20
The invention is based on the idea that the fibre bundles for reinforcement of a
cellular material are not incorporated at the same time during the production of the
holes in which the fibre bundles are finally to be present in a directed manner, but
instead to firstly provide the cellular material with a through hole from a first

25 surface in the direction of a second surface, and then subsequently to pull a piece

of a semi-finished textile product or a fibre bundle, which has been provided on

the other side of the second surface, into the through-hole in the direction of the



5possi bl e cutting inplenents. According to a further exenplary enbodi nent
of the present invention, the hook is provided on a so-called hooked
needl e. 10l n this context the term hooked needle refers to a sew ng device
which is, for exanple equipped to pull fibre bundles into a cellular
material. For exanple, sewi ng devices are known that are used in particular
inthe field of manufacturing sandw ch constructions. Such sandw ch
constructions conprise, for exanple, cellular materials that can be
reinforced by carbon fibres or by other -honded fibre 15fabrics. In order to
render the apparatus according to the invention technically conpatible for
this very case of manufacture, a so-called hooked needle is used in such a
sewi ng device. Such a hooked needle is shown in an exenplary manner in

Fi gures 5a and 5b, wherein this hooked needle can additionally conprise a

cl osure mechani sfiy 4PrACaAlsd ﬂgastt&m@lgregesﬁ@%nwy@ﬂp&mneﬁ%d ef altthe present
i nvention, the apparatus further conprises pneumatic drive neans, wherein

t hese pneumatic ethfnesenplaryserzhodinggis O fedrpyalyerrspaing tathe|ipgstiorone of the
two relative novenents. - 16 - conpressed-air lines to correspondi ng
novenent conponents including seals and nozzles. According to a further
exenpl ary enbodi nent of the present invention, the uptake 5device further
conpri ses a vert TeiaPbigeps torhs feries suppleaisgiedrin theropeon, & {9calayarigigs qfsheequi pped

such that the ho%i%&h@@pﬂo@tﬁ G&rﬁgy 5%9pﬁ]hfiﬂ§@@ﬂd Fitht ReNORNehict e rel ative
nmovenent of the first sub-unit relative to thé second sub-unit can be

i mpl enent ed suchsaidinished piodydsy e nepippiaied g spier iagiabdeilenPe i ed out the

g‘égdl iOOf the Se%éﬂaﬁieﬁ%ﬁﬁa&%ﬂcé & (AL Qﬂ}dﬁltre éo%he! &%ﬁﬁl af)ﬁic’étﬂﬁl éﬁh%ﬂ e of the

locally required mechanical characteristics. This is possible only to a limited
degree if the seam is to remain closed. For this reason, the apparatus according to
10 the invention, as is the case in this exemplary embodiment, can comprise at least
one cutting implement for cutting the semi-finished textile product to length. In
this process the required length of the semi-finished product is determined by the
individual requirement, for example by the thickness of the cellular material to be
reinforced, and by the pull-in angle of the semi-finished product into the cellular

15 material.

If special semi-finished textile products are to be used in the apparatus according
to the invention, the cutting of which semi-finished textile products requires
special cutters, then these special cutting implements are possible as exemplary
20 embodiments. Apart from mechanical cutters with sharp knife-like blades, it is
also possible to use cutting implements that apply separation processes resulting
from heat, ultrasound, cutting by means of an electrical current or by means of

light.

25 According to a further exemplary embodiment of the present invention, the

cutting implement is attached to the first sub-unit.



The term m ddl e of the sem -finished textile product is illustrated in Fig.
2c. Thus the mddle of the sem -finished textile product is neasured from
the position at which the sem -finished textile product will at a l|ater
stage actually or possibly, depending on requirenents, be cut by the
cutters or the cutting inplenment. The 15 part of the sem -finished textile
product, which part in Fig. 2e is to the left-hand side of the cutters, is
equal to the entire length of the part of the sem -finished product, which
part is subsequently in a further step taken up and placed in the materi al
to be reinforced. The rel ative novenent of the first sub-unit relative to
the second sub-unit is then conpleted such that the distance fromthe
possi bl e 20cutting inplements 2 to the mddle of the gap of the uptake
device is precisely equal in length to the distance fromthe m ddle of the
gap to the end ofrp g $9m bbbt drettdpbSadl RLYQIng YHRMhGorSETHr f 1 ni shed
textile product is taken Up in a hook precisely at the 25 location of the
m ddl e of the gapxamid shivenintie 1swubase fifshpbhadt G @riipe, I9F eemple. %o
subsequent |y pul | a | Ul , o : . e af , bove
ensures that at gggﬁi%ggﬁtrﬁﬁé% n%kﬁ%?%ﬁ?ﬁﬁgﬁgﬁggﬁP%?g@tﬁ%%%??g%hﬁﬂi fibre
density is the samye-mentiied-moFhepebiobisd whiishinipementchaniaide eptiekéas n t he hook
fromthe piece of t i f1nd ] product around the hook thus has two
ends t hat a?e eqég%ﬁgﬁ%ﬁg%é#ﬁk§@ﬁg According to an exenpl ary enbodi nment
of the present invention, the apparatus 5conprises at |east one transport
roller as a transport device. In this arrangenent these transport rollers
make possi bl e st [ 1 i i : :

sem -fini shed te§??¥$ﬂggﬁﬁ@@%&ﬁﬁggﬁ?ﬁgﬁﬂgggﬁﬁlﬂgéﬁgggﬁ¥h§%9?%ﬁgﬁg?¥ rollers
are, for exanpl eis pedredadiop ashenkied hwoRidgieedle.and desi gnat ed by 10t he reference
character |I. Furthernore, Figs 2a-f illustrate in a top view the function
and significance of the rollers for prewinding the sem -finished textile
product or the roving. In order to provide the sem -finished textile
product thaf at & thistcentexittbgerme hepkhe ngedivaeficessdo asewiag Advetecenens. fon t he
cellular material,. i | el g . ddl.e posi tion of
upt ake by the ho%‘€&¥ﬁ%ﬁ#%ng¥§uﬁ%%%%@d%gg¥%aﬁ%@?%ghgﬂd%E@kggﬂﬁ?Tinished
product. | n conbiavatg deviass tule kposi thapare ngdtilhparndudadliethe flietdhd ngapfagtetizg | ve to
the mddl e of the_par f . the i -finishe roduct ni_C rt.is |located
within the apparaPﬁg“aéggﬁaﬁﬁﬁgﬁgk?ﬁ%gfﬁ@égFﬁgﬁg”%F%&ﬁ%ﬁﬁﬁégg?“W%e rovi ng
or of the sem -f tdiiukhediepinBdiue tamkeisforded oy saibbh Ebiteo opryonhal ®otded fibre

\j\lﬁlm C;,]f !SQ_: qu dt e%(atb!‘iLs? IrP (I;rggrl'%g E‘en%tt:r tge Egpgquteljs Iapceogdirllge {(Bq}lehin%nti%g ?ec!ngga?]gzl on at

compatible for this very case of manufacture, a so-called hooked needle is used in

such a sewing device. Such a hooked needle is shown in an exemplary manner in

Figures 5a and Sb, wherein this hooked needle can additionally comprise a closure

mechanism.

20
According to an exemplary embodiment of the present invention, the apparatus
further comprises pneumatic drive means, wherein these pneumatic drive means
are equipped to generate at least one of the two relative movements.

25 In this context the term pneumatic drive means refers both to the means for

generating compressed air and to the conveyance of compressed air by means of



20sem -finished textile product is at a |later stage taken up by a hook. In
this context the term"the part of the sem -finished product ,which part is
| ocated within the apparatus according to the invention" refers to that
part of the sem -finished product which, for exanple, in Fig. 2e is
Situated to the left-hand side of the cutting inplement. This starting
point for neasuring the Iength of the sem - 25finished product within the
apparatus according to the invention is sel ected because in sonme exenplary
enbodi ments the I ength of the sem -finished product to be processed is
determ ned by the cutters during a cutting process. - 18 - According to a
further exenplary enbodi nent of the present invention, a system For

manuf acturing reinforced materials is stated, which system conprises a
bottomand a top partial system In this arrangenent the material to be
reinforced can be,plaGes P ahuesBortddfonli® mMAEhLRoRYSHERBnc 1Rl Bhifaldhe
bottom partial system Sconprises apparatus accordihg to a precedi ng

exenpl ary enbodi neatesof the invention. In contrast to the above, the top
partial system conprises a needle bar drive and/or a tufting sew ng

machi ne. The invention is based on the idea that the fibre bundles for

rei nforcement of a 10cellular material are not incorporated at the sane
time during the peoddiesionfughereremplalyegbodimgni o fhemigsentipyeation Hiflwskar e
finally to ke pr @éﬁ&}fuhﬂetr%mgb{lsﬁgg@gﬁgﬁgiﬂgﬁ? thRUrah Rstetade VQudd LS ky provide

the cellular nmaterial w rough- ho roma first surface in the
direction of a seqoprtdsuahithaéhe hall careringipbatpubhgdry Fugepne. the felagve
bundl e, which ha | [ 0t Bes ot lde of uhhensesandnLsHLf ace,
into the 15throug(9ﬁ§§ggfﬁgpﬁgglﬁ?g%?ﬁg%tg eﬁ%éggfrsglsupfaceg I'n this
arrangenent the sahithdt pftérghiedldtex rovengnt balctn goredesp tndyddle of the sdnpibr e
bundl e, and the proyisi f the sem.-fini ti1le product on the other
side of the secoﬁamgﬁﬁ?gg%ngxﬁgé%ﬁg%féH%éﬁﬁﬁg?ﬂgéb%?ton1partial system
i.e. appar ghus

The term middle of the semi-finished textile product is illustrated in Fig. 2c. Thus
the middle of the semi-finished textile product is measured from the position at
which the semi-finished textile product will at a later stage actually or possibly,
depending on requirements, be cut by the cutters or the cutting implement. The
15 part of the semi-finished textile product, which part in Fig. 2c is to the left-hand
side of the cutters, is equal to the entire length of the part of the semi-finished
product, which part is subsequently in a further step taken up and placed in the
material to be reinforced. The relative movement of the first sub-unit relative to
the second sub-unit is then completed such that the distance from the possible
20 cutting implements 2 to the middle of the gap of the uptake device is precisely '
equal in length to the distance from the middle of the gap to the end of the semi-

finished textile product.

When the semi-finished textile product is taken up in a hook precisely at the
25 location of the middle of the gap, and when the semi-finished textile product is
subsequently pulled into a cellular material to be feinforced, the above ensures

that at each position of a hole in the cellular material the fibre density is the same.



20according to one of the preceding exenplary enbodi nents of the invention.
In contrast to the above, the production of the holes in which the fibre
bundl es or the sem -finished textile product is finally to be present in a
di rectional manner, and the concurrent approach of the hook to take the
sem -finished textile product up to the uptake device, are ensured by the
top partial system for exanple a needle bar 25drive. - 19 - in the
cellular material and pull the fibre into the cellular material at the sane
time, the systemaccording to the inventijpn can inprove reinforcenent of
cellular materials wth fibres to the effect that essentially the

i ncorporated fibres are responsible for inproving the nmechani cal
characteristics of the cellular material core. In order to nake it
possi bl e, by means of the top partial system to sew through the materi al

to be reinfor CedThé R%%%Fcﬁ%rﬁls dﬁﬁxp& vm?}k@ up@xe lﬂl)@&f% %qne%E Bﬁ@x@@gmbet ween the

two partial systens hrough- hol'es that are generated by the 10Oneedl e
bar drive can befipisbeskgiotuat asepndrhe ek duis hed tae et thitiagd eqapl inrppeHesi r ed
angul ar position. The above also applies to all the apparatus nentioned
above. 15The orientation of the through-holes can, in particular, be

i ndividually adjusted to the respective form of the cellular material to be
reinforced, as wékordisg tornteemplaaimbpdineni Qike rieschienwrpebtrepPPHaEper at i on.

The system @akescmﬂp@éﬁhm&n}%ﬁ bh%neaagcﬂ;ﬁsamé%yre to a specific |oad

case and application case OAccording t further exenplary enbodi nent of
the present invention, the systenlaccordlng to the invention further
conprises a transport nechanismfor transporting the naterial to be

rei nforced, whergjf;g ali]ﬁn%e'hﬁﬂlstﬂ&l% ttrdﬁgf)&t@ AR pgﬁﬁﬂégﬂ%y %h@&)nttlhl%ust he
material can be transported in predeterm ned steps between the two parti al
syst ens. mechanical transport of the semi-finished textile product into the uptake device.

The transport rollers are, for example, clearly shown in Fig. 1 and designated by
10 the reference character 1. Furthermore, Figs 2a-f illustrate in a top view the
function and significance of the rollers for prewinding the semi-finished textile
product or the roving. In order to provide the semi-finished textile product that at
a later stage can be inserted as reinforcement in the cellular material at a suitable
length and in the middle at the position of uptake by the hook, the rollers handle
15 prewinding of the semi-finished product. In combination with positioning the
middle of the gap relative to the middle of the part of the semi-finished product,
which part is located within the apparatus according to the invention, prewinding
of the roving or of the semi-finished product makes it possible to provide the
semi-finished textile product at a predefined length at the location at which said
20 semi-finished textile product is at a later stage taken up by a hook. In this context
the term "the part of the semi-finished product ,which part is located within the
apparatus according to the invention" refers to that part of the semi-finished
product which, for example, in Fig. 2c is situated to the left-hand side of the
cutting implement. This starting point for measuring the length of the semi-
25 finished product within the apparatus according to the invention is selected
because in some exemplary embodiments the length of the semi-finished product

to be processed is determined by the cutters during a cutting process.



25 In order to be able to incorporate reinforcenents at various |ocations
within the cellular material in the plane of the cellular material, the
material needs to be - 20 - positioned, by neans of the transport system
or the transport nmechanism between the two partial systenms so that when a
t hrough-hole in the cellular material is nmade, the desired | ocal position
can be provided with a sem -finished textile product at the desired angul ar
position. In this arrangenent various patterns as 5desired can be sewn that
make it possible to tailor the | ocal nechgnical characteristics of the core
structure to a specific |load case or application case. In this context it
is of decisive inportance that by neans of the cutting inplenent the

sem -finished textile product can be cut to length after each work step so
that there is no closed seamextending over a |arger spatial region of the

material, and 10%@%&?&5%&) ddf%nﬁéltexe&gmp@ﬁ]beal tvquy rg;es%mqn@tlﬁg ,lGAN be

| ocal |y varled right wn to the smalles rrangenent
the predeterninetbr maepwctglﬁnglh@mw@nscpmdds 1ﬁetethémfs¢h wamisemprisgdef | ned or

carried out by A& %ngraeto {uu s%/ 4. Ig‘thgog}kangéméﬂ[{'%h%'ma%é%a Go%rugi'n{bgce 0 a

further exenplary e e presen nvention, e systemfurther
conprises at | easin tmnmcecd)hqmtemrthmmdpaﬁmﬂ sxsta:msr‘mhdrd:imguetuweommpaiammm

accordi ng ts the invention Dot inspor t geghan m an / th§t op parti al
syst em accordi ng“ B PRERPAVE uﬁflccgl mf’ztﬁ Iphe°8 PHE P R RES TS e for the
procedure of pr ewVadlomgIntchﬁresemtha‘ dbove iedojt pactidl lsestqan adumiset ondedledar ri ed out
by the transport deV| a in order.to be able to control at |east one of
the relative nové gﬁbf ﬂ%gﬁﬁﬂﬁﬁ%Fﬂ?ﬁaccordlng to the invention, a
conputer unit is stated in this exenplary enbodi nent. Furthernore, 25the
conputer unit can control the transport mechani sm which noves the cellul ar

The invention is based on the idea that the fibre bundles for reinforcement of a

10 cellular material are not incorporated at the same time during the production of the
holes in which the fibre bundles are finally to be present in a directed manner, but
instead to firstly provide the cellular material with a through-hole from a first
surface in the direction of a second surface, and then subsequently to pull a fibre
bundle, which has been provided on the other side of the second surface, into the

I5 through-hole in the direction of the first surface.

In this arrangement the semi-finished textile product corresponds to the fibre
bundle, and the prdvision of the semi-finished textile product on the other side of
the second surface is accomplished by the bottom partial system, i.e. apparatus

20 according to one of the preceding exemplary embodiments of the invention. In
contrast to the above, the production of the holes in which the fibre bundles or the
semi-finished textile product is finally to be present in a directional manner, and
the concurrent approach of the hook to take the semi-finished textile product up to
the uptake device, are ensured by the top partial system, for example a needle bar

25 drive.

Since this system according to the invention is able to implement a single-face

sewing method, and since the hook or the hooked needle does not generate a hole



material to the appropriate |ocal position that is to be reinforced. - 21
- However, the top partial systemaccording to the invention, which parti al
system conpri ses a needl e bar drive, can also be controlled by the conputer
unit according to the invention. 5t is thus possible, by neans of the
system according to the invention, to inplenent a fully automated and
conputer-controll ed process unit that fully automatically inplenents the
manuf acture of a reinforced cellular material and the uptake of a

sem -finished textile product in a hook.(d0According to a further exenplary
enbodi nent of the present invention, a nethod for taking up sem -finished
textile products in a hook for reinforcing materials is stated, wherein the
met hod conprises the follow ng steps: laying the sem finished product onto
the bottom face of the material to be reinforced, positioning the m ddle of

the sem -T1ni she (f QAUGE ndk: mﬁdg&?@ﬁm& iR th@éeﬂhﬁf mhBSQMS (R4ahbe 15hook

into the materia e reinforce pl'acing the sem -finished material in
the hook, and wi tihdrtaaviyngmtaeeortioplo the invenear inemevegeisfasamminhef wHulthe

sem -finished pr ﬁgt"é?igls \Vr}htﬁlgles %gr%@% tl;(apesp tldﬁ}" mfs %ng)t rdte!drhtﬁées 1&L to

i npl ement a sing ace sew n generating t

20t hr ough- hol es renpdnhxblerfammpncadmg the rmocthaumaquhadct@uiﬁtica@f thhecliohmmaterine Wit h
the feed- t rough of the reinforcing material, in other words with the

pi ns, the above f€thod-r el at ed st eps accordlng to the invention are stated.
In this arrangenent Figs 2a to f describe that part of the nethod that
happens on the bottomface of the material to be reinforced. The di agrans

thus show the Sef 61‘!:1«41‘% ﬁlgl@edit E)(?s)éitolel, gy means of the top partial system, to sew through

the material to be reinforced, the material can both be placed and attached
between the two partial systems. The through-holes that are generated by the
10 needle bar drive can be incorporated in the cellular material at any desired angular

position.
The above also applies to all the apparatus mentioned above.

15 The orientation of the through-holes can, in particular, be individually adjusted to
the respective form of the cellular material to be reinforced, as well as to the load
situations to be expected in operation. The system makes it possible to tailor a

core structure to a specific load case-and application case.

20 According to a further exemplary embodiment of the present invention, the
system according to the invention further comprises a transport mechanism for
transporting the material to be reinforced, wherein the transport mechanism is
designed such that the material can be transported in predetermined steps between

the two partial systems.
25

In order to be able to incorporate reinforcements at various locations within the

cellular material in the plane of the cellular material, the material needs to be



25product during prcwi nding of a roving, as well as positioning of the
m ddl e of the sem -finished product to the |ocation of the subsequent
upt ake. Insertion of the hook into the material to be reinforced can, for
exanpl e, be acconplished by the top partial system according to the
invention and is, for exanple, carried out with - 22 - a special sew ng
device that is intended for pulling fibre bundles into a cellular material.
Pl aci ng the sem -finished product in the hook can, for exanple, be
i npl emented by a relative novenent of theghook relative to the
sem -finished textile product. In order to lay the sem -finished textile
product up in the material to be reinforced the hook is w thdrawn through
the material, wherein subsequently the sem -finished textile product O the
fibre bundle is released fromthe hook. In this process the initial
si tuation of the,q&ifHod bliysl‘neraﬁ?&hﬁgud {@gtemtoh%e tﬁagpoh'nsuchmm $heiwation” in
thi s cont ext doeg not ate to the staté of the already processed
material, but |n§1@é\a@lp@ré€1(,bb'i>tblés3qthé vdrear éhrapgh-hoheingha eelplpomatefialihe
apparatus that 10j tion has
been reached, th%a%k}ﬁ’l%ﬂée?&&{lﬁa&ﬁtg%g? bé&‘%&ﬁﬁe& mt?‘r‘r%:) eéﬁéﬁéthggliegglgw and in
the initial stat Brodtlictmt@e deypad atguir pesitconin thuausmwmeqa@apwatiam ant of the
met hod accocdi ng,t i n, hed locally to
t he cel |l ul a? mat %?Si‘rg C‘m bte%g ¥hf‘l{e)1?l %kr?\tm (e\snﬂs?lletqT g tl?g?ocfg&iﬁﬁgés%l ble to
rei nforce cel |l ul erararetietidsal ﬁxe@m&rstractbxangesméa ldwltcaa;en)rap}iﬂaamri gase. In
differentiated nner tand g this 3ces§h¥ reduc tfggugom? srlngrg during
pulling the seni ¥ SPEREESCE ?Glﬂwelﬁfp(g et e m%néoce (57 HRIEaE A Thus,
based on the nethedeactidsdidngileprodiet ¢am\bemtmtoﬂhngthtafmSeapb%ﬂhdt@ stoohzmbt ain a
sandwi ch construgtiaon with a high-resistance cell t hat
retains thermal ‘&léﬁ%f}gﬁdée%gﬁ?lﬁ”&ﬁv%d Eﬁ‘?‘é?ﬁa&ééggl?fh t Wﬂ?‘éﬁtﬂ ing
advant ages 1phen gappardeskid @f hepaykcaimih Gt HAGHWr QS8 be aally veriadebkidon @s a
result of the nmethod according to the invention, conprises inproved
mechani cal char atbf §Ppksst E’Eal\}\}ﬁg% conpared to conventional cellular materials
or conventional reinforced cellular materials. 25According to a further
exenpl ary enbodi nent of the present invention, a nmethod is stated which
conprises the adfiiéjonal foll gstel[? releta§1 the s mflnlstgedtextile
pr OdUCt fr omt he I‘ht 16:|grrangementt epre etermined @teps of the tr. H%pOI’t mechanism can

predefined or carried out by a software program or a control unit.

15

According to a further exemplary embodiment of the present invention, the
system further comprises at least one computer unit for controlling the apparatus
according to the invention, the transport mechanism and/or the top partial system

according to the invention.
20

In order to make it possible for the procedure of prewinding the semi-finished
textile product to be carried out by the transport device, and in order to be able to
control at least one of the relative movements of the apparatus according to the
invention, a computer unit is stated in this exemplary embodiment. Furthermore,
25 the computer unit can control the transport mechanism which moves the cellular

material to the appropriate local position that is to be reinforced.



- 23 - In order to locally lay up individual limted pieces of the

sem -finished textile product in the cellular material and in doing so to

| ocally achieve different pin densities, the respective pieces of the

sem -finished textile product have to be prepared to |l ength, for exanple
cut off, before they are incorporated in the 5 material to be reinforced.
After the reinforcenents have been prepared and laid up in the material to
be reinforced, the sem -finished textile product nust be rel eased by the
hook. Thereafter, the hook, at another pggition of the cellular material to
be reinforced, can again through the entire process lay up a fibre bundle
or a piece of sem-finished textile product. In this arrangenent the
process or process step of 10rel easing can, for exanple, take place by
cutting with the use of scissors or with any desired electrical, thermal or
mechani cal cutti pg,bim! GORPL M@é@%ﬁrdec&mm&% tnbgmomphmmir@ s f or ned
in the nethod accordlng to the invention fromthe sem-finished textile
product around t hempiseka ndedle baxdits engisode Aedilled b tip cyBPBFeREd. Thi s
openi ng process e top of the material to be 15reinforced,
because the senlggﬁnlﬁﬁ%?&g?%ﬁagy has al ready been taken up on the botton1
of the material to be relnforced and has subsequently been pulled through
the material. However, is al so possible to open the hook so that the
semi finisheq texi @mpg&%ﬂﬁ:t by RedRoERE §fhterh ReoRNRTHLR un\b;}{tl(gf avitation or by
pulling the sem -finis foduct in the direction of release. 20 According
to a further exeimilemsntefbiviaratedohd cprapyeiepanellddmyesatsivan that fFdlynet hod
conprises the fo iap! enent,
cutting the senlk%?%%gﬁnggﬁgé?gﬁi%ﬁ?%gﬂ%?géfﬁgﬁﬁg??%%gﬂﬁg%g%ﬁgg{H?he bot t om
face of the nmat ethicalptakoofyesenaifmisbectlerile pHAudtjaea hdvd. pr ecedi ng st ep of

rel easing the sem-finished textile product fromthe hook, this additional
process step is also necessary in order to be able to produce a locally
varying pin density and thus to tailor the nechanical characteristics of
the - 24 -0cel | dkeardinataes fuather epiﬁmPlhIY§lTﬁ>|Oé@@QSOftthfepreQ9ﬂ‘tIFY@“PWI@%ﬁt s can
e A ol b e A en R RRALLEL BRLINEY B Rl BEOhRALES, { hat
operate with the use gt el ectrica ermal techniques are

possi bl e for use%tasdomenmmglelmqﬂh@rcempsseeSlerfgléowmgstsmﬁaymgmessmﬂ textile

product is provi %mshe"clinpcrig(IuQF g‘ntt hte rt])gtt&rg fdc%l l()fgltlile n%{e%df tglbe GQHTQIng(? positioning

the middle of the semi-finished product at the location of uptake, inserting the
15 hook into the material to be reinforced, placing the semi-finished material in the
hook, and withdrawing the hook with concurrent positioning of the semi-finished

product in the material to be reinforced.

In order to implement a single-face sewing method in which generating the

20 through-holes in the material is not carried out at the same time with the feed-
through of the reinforcing material, in other words with the pins, the above
method-related steps according to the invention are stated. In this arrangement
Figs 2a to f describe that part of the method that happens on the bottom face of the
material to be reinforced. The diagrams thus show the semi-finished textile

25 product during prewinding of a roving, as well as positioning of the middle of the
semi-finished product to the location of the subsequent uptake. Insertion of the
hook into the material to be reinforced can, for example, be accomplished by the

top partial system according to the invention and is, for example, carried out with



5 to pull said sem -finished textile product through the cellular materi al
partly to the surface, cutting the sem -finished textile product is, for
exanple, carried out at the bottomof the cellular nmaterial. According to a
further exenplary enbodi ment of the present invention, the hook 10is
situated on a hooked needle, and the sem -finished product is placed in the
hook by neans of a relative novenent of the sem -finished product relative
to the hooked needle. According to a further exenplary enbodi nent of the
present invention, the 15process steps ang._carried out repeatedly, and a

cl osed seamarises as a result of omtting to cut the sem -finished textile
product. Should it be advantageous for a special application to produce a
cl osed seamin a certain region of the cellular- material, then the nethod
according to the invention, 20as a result of omtting to activate the
cutting inpl ement pe%?apb &mm@%h?sm Magfa- Hﬁmg'ﬁﬁfe%u%les Ne S&Mhnf | ni shed
textile product in nult i ple l'engt ? therw se used piece of

sem - fini shed prodteeiel. Phcingéesei|-lnisred peadegtiiathednek ¢an. fohpgnpdyy bpr oduce a

| ong cl osed seam A e f the
present inventi onnpz1 ? %ﬁés)({eﬂ J‘x%)fa ,1?,? %ﬁ%&{ C%Pg I&ec}%%%?gélgt{‘%itﬁr %hr%rpghGQMer ein
the fibres of thBﬁ‘(fl]emr(ﬁlubUhd(bréeraﬂ Gy Ithzei qdmitﬁnishtda@(titlft)prb@tpan althehagnd
stretched in the nater t rel force s hook
can be affi ged {8 %58 %Odfed & § lf%)k 1nh al tgmu?h e I@éﬁrﬁph%ggé%mi)&guetnﬂ rovi ng
or the sem -fini gleadmt- ﬁmtsmeldee)@mmumict dirthd fitgre bmdmehemjen%m@omdteﬂmnk flace of

';ggumit erial and sullarlogesss%legmtrxa tua%ot htrtggglgth%(ri]xes x(e:aeck cl’,”w% remﬁee{el al, muAF a

situation” in this context does not relate to the state of the already processed
material, but instead describes the state and the situation of the apparatus that
10 implements the method. After this initial situation has been reached, the method

can thus be started and implemented anew and in the initial state of the apparatus.

A continuously repeated variant of the method according to the invention, which
variant can be applied locally to the cellular material with different density, makes

15 it possible to reinforce cellular materials over a large area but in a locally
differentiated manner, and in this process to reduce the hole size during pulling
the semi-finished textile product into the cellular material. Thus, based on the
method according to the invention, it is possible to obtain a sandwich construction
with a high-resistance cellular material core that retains thermal and acoustic

20 insulation advantages and manufacturing advantages when compared to
honeycomb structures, and in addition, as a result of the method according to the
invention, comprises improved mechanical characteristics when compared to

conventional cellular materials or conventional reinforced cellular materials.

25 According to a further exemplary embodiment of the present invention, a method
is stated which comprises the additional following step: releasing the semi-

finished textile product from the hook.



50f folding, a |large nunber of fibres are pulled into the cellular material
where they are present so as to be parallel and stretched. According to a
further exenplary enbodi nent of the present invention, the use of a
reinforced cellular material in an aircraft is stated, which cellular

mat eri al has 10been manufactured with the apparatus according to the

i nvention, the systemaccording to the invention, or the nmethod according
to the invention. According to a further exenplary enbodi mrent of the
present invention, an aircraft conprisingza reinforced cellular material is
stated, which cellular material has 15been manufactured with the apparatus
according to the invention, the systemaccording to the invention, or the
met hod according to the invention The exenpl ary enbodi nents of the
apparatus and of the system apply to t he nethod and vice versa. 20 Wth the

present [ nvent! of o aRRAALNSY S GG DA LA R apdulkABEnl oul ar in

the field of manufacturin constru tions. Sandw ch constructions
conprise, for examph®n1mehﬂu$mHMﬁaﬁhmdatémn$aU0éEﬂﬂbéhﬁﬁﬁdﬁ@ﬁ@éﬂnby car bon

fibres or other 9 51(111%? t}];el rQspg?Uv%E)e cgs of the. \,ei%?hmshedLE(%& WT(;ID(?‘\}&?E‘%JE?%% oW ng

embodi ments and ad\ I'mvention are s 'nt
description of th&p&m@mﬂe&ﬂlﬂnexmnﬂ@tﬂm@lbﬂ@pd@ﬁ&mahuhhamﬁéhhbd are

ﬁ;f;\lMots ﬁd Cloﬁp][ 2,[eg]|l&1§§/‘llf ngéc‘; rsel (r% c%d %be\t%r hgfaetm I%BH?HISS ﬁ?vé%@é?p%?paré%nﬁ tl.'au!i

in the matena] to be reinforced, the semi- ﬁm'shed textile product must be released
by the hook. Thereafter, the hook, at another position of the cellular material to be
reinforced, can again through the entire process lay up a fibre bundle or a piece of
semi-finished textile product. In this arrangement the process or process step of

10 releasing can, for example, take place by cutting with the use of scissors or with
any desired electrical, thermal or mechanical cutting implement. However,
opening the loop, which has formed in the method according to the invention from
the semi-finished textile product around the hook, for example of a needle, can be
opened. This opening process takes place at the top of the material to be

15 reinforced, because the semi-finished product has already been taken up on the
bottom of the rﬁzuerial to be reinforced and has subsequently been pulled through
the material. However, it is also possible to open the hook so that the semi-
finished textile product is released, for example, by gravitation or by pulling the

semi-finished product in the direction of release.

20
According to a further exemplary embodiment of the present invention, the
method comprises the following additional step: by means of a cutting implement,
cutting the semi-finished textile product at a defined length at the bottom face of
the material to be reinforced.

25

Like the preceding step of releasing the semi-finished textile product from the
hook, this additional process step is also necessary in order to be able to produce a

locally varying pin density and thus to tailor the mechanical characteristics of the



BRI EF DESCRI PTI ON OF THE DRAW NGS The illustrations in the figures are
di agrammatic and not to scale. 10Fig. l1shows a diagrammtic

t hr ee- di nensi onal view of the apparatus according to the invention for
manuf acturing a reinforced cellular material and for taking up a

sem -finished textile product in a hook according to an exenpl ary
enbodi nent of the present invention. 15Figs 2a-2fshow di agrammtic

t wo- di nensi onal views of the apparatus according to the invention for
manuf acturing a reinforced cellular matepial and for taking up a

sem -finished textile product in a hook according to an exenplary
enbodi nent of the present invention. 20Fig. 3shows a diagrammtic

t hr ee- di nensi onal view of the nethod according to the invention by nmeans of
appar at us according to the invention or a systemaccording to the

i nvention. Fig. Pu Phal 1Ql Adhg roc%s (fhe c\{mm Ilgﬁlle @Anb ' n%}!h%wdtl p\?tte? stem

according 25to tH3 I‘nventi on acéor xenp ary e ment of the
present inventi oo asah dérnati¥e, ggm@ieamdlogles th@wmram Wil @mm (pf(;:lectrical
;[ E\r/gﬁt Idlogl.snSI Ona(l)pt}/clale(yxv thefrmz?l tec?l%laggs a?ee Eo%slgleth?xat;[se gsacr{lttpneo 1%% 2thehtd. §1 n& RE esent
semi-finished textile product is provided underneath the cellular material in order
5 to pull said semi-finished textile product through the cellular material partly to the
surface, cutting the semi-finished textile product is, for example, carried out at the

bottom of the cellular material.

According to a further exemplary embodiment of the present invention, the hook
10 is situated on a hooked needle, and the semi-finished product is placed in the hook
by means of a relative movement of the semi-finished product relative to the

hooked needle.

According to a further exemplary embodiment of the present invention, the
15 process steps are carried out repeatedly, and a closed seam arises as a result of

omitting to cut the semi-finished textile product.

Should it be advantageous for a special application to produce a closed seam in a
certain region of the cellular material, then the method according to the invention,
20 as a result of omitting to activate the cutting implement, can lay up one and the
same piece of the semi-finished textile product in multiple lengths of the
otherwise used piece of semi-finished product in the cellular material and in this

way produce a long closed seam.

25 According to a further exemplary embodiment of the present invention, the semi-
finished product is a fibre bundle, wherein the fibres of the fibre bundle are laid

up so as to be parallel and stretched in the material to be reinforced.



Fig. 6shows a diagrammtic three-dinensional view of a top partial system
5according to an exenpl ary enbodi nent of the present invention. Bel ow,
preferred exenpl ary enbodi nents of the present invention are described with
reference to the figures. 10ln the follow ng description of the figures the
sanme reference characters arc used for identical or simlar elements. The
foll ow ng expl anations provided also apply to an aircraft conprising a
reinforced material that has been produced with the apparatus according to
t he 15i nvention, the system according togthe invention, or the nethod
according to the invention. The explanations also apply to the use of a
reinforced cellular material in an aircraft, wherein the cellular material
has been nmanufactured with the apparatus according to the invention, the
system according to the invention or the nethod according to the invention.
20 Fig.1 shows a diagrammatic three-di nmensional view of an exenplary

enbodi ment of the apparatus according to the invention. Thc draw ng shows a
first sub-unit 6pgdhmge tﬁ@ﬁlé&@&% bEGMIXES td a ndMI TR HoDR:1ikE apsmmoogew ce 1
in the present e od| n onprises, for exanple, transport rollers 1.

Fur t her nor e, the@gﬁdbw@V@a@rﬁmﬁ@nBﬁmémQ5“@&&%ﬂﬁwhméW@Fdeﬁmﬂhéxﬁpésent
enbodi ment it | S extetflé }ng(ﬁ 1a1"émi ullisrkgltd bﬁ n%{hr(m Mtl‘?eface Eﬁgxdm&tgmﬁ IQ me ate I1I.
In contrast to t IS exenplary e Irst sub-unit 6 can
nmove in a IﬁnearomhhmHgahm@mgmﬁhemﬂﬁMEamﬂa&h@Hﬁ@memﬂh@hnﬁﬁV@h@h@€ﬂ§Yhandled
by a nechani cal gc 1 mﬁso&ﬂn%@ iaﬁﬁd g& the rel ati ve novenent need not
be carried out on & binear axis as s instead it can nove al ong

t hr ee- di nensi onal curves 30as deS|red.

According to a further exemplary embodiment of the present invention, the use of
a reinforced cellular material in an aircraft is stated, which cellular material has
10 been manufactured with the apparatus according to the invention, the system

according to the invention, or the method according to the invention.

According to a further exemplary embodiment of the present invention, an aircraft
comprising a reinforced cellular material is stated, which cellular material has
15 been manufactured with the apparatus according to the invention, the system

according to the invention, or the method according to the invention.

The exemplary embodiments of the apparatus and of the system apply to the

method and vice versa.
20

With the present invention, apparatus is created that can be used in particular in
the field of manufacturing sandwich constructions. Sandwich constructions
comprise, for example, cellular materials that can be reinforced by carbon fibres

or other bonded fibre fabrics.

25



- 28 - In an exenplary enbodi nent the novenent can be inplenented by neans
of pneunmatics with correspondi ng conpressed-air supply lines 7. However, in
principle, any electrical, hydraulic or nechanical drive to generate the
rel ati ve novenent 5between the first sub-unit and the second sub-unit is
possible. In this enbodinment it is thus the case that the second sub-unit 5
does not nove, whereas the relative novenent between the two sub-units is
caused by the first sub-unit 6. In this exenplary enbodi nent this first
sub-unit is shown as a slide on the lineag_axis. In order to ensure that
the sem -finished textile product is cut to length, in an exenplary
10manner two nechanical cutters 2 are shown that are in place on the first
sub-unit. If the sem -finished textile product has been laid in a

con-espondi ng Iength by neans of transport rollers I, and if by neans of
therelmlvermv [ ﬂnure
m ddl e of the seﬁ | ni gﬁY‘ﬁ??rg%h? é{t%%digg%t%soﬁgiﬁo%ééyg }G(L)gﬁ!é&”% mtthg

m ddl e of the gafpliwwitgidesdripeoupttbkbgudevi ce 14, then the semi - 15f| n| shed
textile product can be cut to length. Only in this way is it possible to
affix the individual pieces of the sem-finished textile product, in other
wor ds i ndividual fibre bundles or individual rovings, individually and in a
targeted manner Butipaspecisofsiewndtmidmee fiecloedl inthabSmarvesi¢ral appiibation ptoak e

device 3 wi Bh I tiO/g%ﬁ?%, hqﬁﬂg rhl:r%@ﬁh ??ngggtﬁggkc}g ofnggd lg)hx%fe%%x@: fini shed

textile product sem - duct ‘can be 20pl aced in
t hrough the uptake device by neans of the transport rollers. As shown in
Fig. I, the end may protrude freely fromthe uptake device 3. In the above

arrangenment it is particul kg RiIFE0N bPatud Praweit@gt of the
transport device, the vari anr—Uﬁh%ﬂ%—currrng—rwﬁiﬁﬁﬁnr——rﬁ variant for

gener at i ng t he el Akl 2HTRVRIEN . DALUER M G o RiscARd the second

sub-units, as we e variant

10 Fig. 1 shows a diagrammatic three-dimensional view of the apparatus
according to the invention for manufacturing a reinforced cellular
material and for taking up a semi-finished textile product in a hook

according to an exemplary embodiment of the present invention.

15 Figs 2a-2f  show diagrammatic two-dimensional views of the apparatus according
to the invention for manufacturing a reinforced cellular material and
for taking up a semi-finished textile product in a hook according to an

exemplary embodiment of the present invention.

20 Fig. 3 shows a diagrammatic three-dimensional view of the method
according to the invention by means of apparatus according to the

invention or a system according to the invention.

Fig. 4 shows a diagrammatic two-dimensional view of the system according
25 to the invention according to an exemplary embodiment of the present

mvention.



generating the relative novenent between the uptake device and the hook are
sel ected as exanpl es, and according to precedi ng paragraphs of the present
description are possible in other enbodinments. - 29 - The relative
novenent 13 between the uptake device 3 and the hook can in this case, for
exanple, be effected by the slide 12 for transverse novenent of the uptake
device 3. This would correspond to a relative novenent in which only the
upt ake device noves while the hook (not shown in the diagram is at rest. 5
By neans of the apparatus according to the_invention shown in Fig. | the
basic idea of the invention can be inplenented. By neans of the apparatus
according to the invention a situation can thus be achieved in which

i nprovenent of the mechanical characteristics of cellular materials is

i npl emented by the fibres, as desired, rather 10than essentially being

| mpl ement ed bnyolsjgah 'S %{ Qtdﬁgra[n%h? t}ﬁ&—di&eﬁ%ap\ﬁéﬁ of DhdUkt DRLHR depown

met hods. In ordér "to be able t8 manufacture such an inproved cellul ar
material with the appar atube wedorthé prgsenoinyggioinvent i on i n an aut onat ed
process, the follow ng 15individual steps are carried out by the apparatus
according to the invention, which apparatus is shown in Fig. : lay the
rovings at a de&fg fied | eniytvws a degramhinetia thiek nigysgnsiphad o vt dier tppparngsystgmt he

m ddl e into_t he needl e and_&ge&)the qu& i §%%I@m£ﬁ“ @ﬁﬁ]pp. I n

: en op in the n %
process autdmation the i*AAI VIR FHREE gﬁg?&FﬁnT%e resent enmbodi nent in

Fig. 1, arc inplemented as follows. The entire functional unit conprises
two sub- 20units. The first suyb-unit.6, sho as a slide, nove n..t he base
plate 11 by negﬁ@wbﬁeﬁ“F?ﬁﬁ%?ﬂﬁ%F?LTB?éﬂh8ﬁ%?ﬂm?ﬁ§m§%@8ﬂ&egﬁﬁyﬁﬁfvn%, shown
as a vertical wwiitnceitstheifighdby i nstalled on the base plate.. In the first
step the rollers | convey the roving 4 forward to the desired length. In
this process the textile product is threaded through the uptake device 3,

while its opher @oebIRMNhNREG pHONDE the BEkrYs tht Fantcheferaxd citteprddeusl fde 6

identical or similar elements.

The following explanations provided also apply to an aircraft comprising a
reinforced material that has been produced with the apparatus according to the

15  invention, the system according to the invention, or the method according to the
invention. The explanations also apply to the use of a reinforced cellular material in
an aircraft, wherein the cellular material has been manufactured with the apparatus
according to the invention, the system according to the invention or the method
according to the invention.

20
Fig. 1 shows a diagrammatic three-dimensional view of an exemplary embodiment
of the apparatus according to the invention. The drawing shows a first sub-unit 6
with a transport device 1, wherein the transport device 1 in the present embodiment
comprises, for example, transport rollers 1. Furthermore, the second sub-unit 5 is

25  shown, wherein in the present embodiment it is a vertical unit that is firmly affixed to
a base plate 11. In contrast to this, in this exemplary embodiment the first sub-unit 6
can move in a linear manner along the linear axis 10, which movement is handled by
a mechanical drive 8. In this arrangement the relative movement need not be carried
out on a linear axis as shown, but instead it can move along three-dimensional curves

30  as desired.



25 noves along the linear axis by a distance required for the mddle of the
roving to be situated exactly in the mddle of the gap of the uptake device
3. Wien the roving is positioned, the hooked needl e penetrates the
substrate and on the substrate bottom encounters the gap of the unit 3 or

t he uptake device 3. In order to thread the roving into the hook the uptake
device 3 is arranged on a slide 12 which, for exanple 30pneumatically
driven, can nake a sideways novenent. Wen the hook is in the gap, - 30 -

t he opening points to the side on which_bRe roving was laid. In this
context the termopening refers to an opening of the hook in order to nake
it possible at all to place the roving in the hook. For exanple, this hook
can al so be provided by opening an ot herw se cl osed hook. If the small
slide then nmakes a sideways novenent towards 5t he needle, then the roving
is placed into the hook. Before the needl e nakes a reverse novenent the
roving is cut to length by neans of the cutters or the cutting inplenent 2.
The fol | owi ng Fi grsexmptagy émigidoveny theinmysment gtrels ighplanivated pparcarsyd accor di ng
to the 10i nvent] fi t he

i nvention for E%QH(QH u??ﬁgﬁggﬁgﬁﬁfor@%%eg lﬂﬁ ﬁg?gﬁ gﬂgﬂgb %iaklng
up a sem - f|n|shﬁdanexﬂﬂWémpmoﬁummhmmmamhankGmﬁngam@&*ﬁh@mswan@nagrannat|c
nocording 8RRV ERer SR YR T SRR HE: PR FRRALAAE o
top view. The h¢mm&m@mkedﬁvmeexmsdshammSMMaamnexﬁapﬂ&nysﬁmnﬂme& as
transport rollers em -finish oduct 4 into
t he channel foW“VHEmgg%W@??ﬁ?gﬁéﬂ ﬂ&%fﬁ‘@mﬁﬁgﬂﬁ%g“ é&?% ﬁIFLe upt ake
device 3. The ga@mmmybhmO&hemumk&K@sﬂﬁmnmeqmmnhaheﬁmﬁﬂﬁugEGmth@;Molune
region in mhich(%he hooked needl e. can take gf t he 20 rOVIQq

seni - fini shed PFGHIRASUTE Hiat P Somfliiiig IRRIE PRIGYC DG SHGHEN RE" Fmp}@(

situation af theni@thecheag@Rutiuhgs Lard Mewh Maeat infladyoneamst: wb-uhhdf
apparatus according to the invention. In this arrangement the arrow. 17

shows the di redssii-Gnisheddextids ppiure hardgeiniaiin 6?%%@@?%&@%@ WA F el ati ve

to the second syBspRidllerd@A®IrBy hath® uRN SR mORRRA H¥BMen tiRaiquhliers 2 in

an exenpl ary manner are designed as a
the second sub-units the future middle of the semi-finished textile product has been

in

- positioned to the middle of the gap within the uptake device 14, then the semi-

15  finished textile product can be cut to length. Only in this way is it possible to affix
the individual pieces of the semi-finished textile product, in other words individual
fibre bundles or individual rovings, individually and in a targeted manner at positions
within the cellular material. The uptake device 3 with its gap 14 comprises a channel
9 for the semi-finished textile product 4 so that the semi-finished product can be

20 placed in through the uptake device by means of the transport rollers. As shown in

Fig. 1, the end may protrude freely from the uptake device 3.

In the above arrangement it is particularly significant that the variant of the transport
device, the variant of the cutting implement, the variant for generating the relative

25  movement between the first and the second sub-units, as well as the variant for
generating the relative movement between the uptake device and the hook are
selected as examples, and according to preceding paragraphs of the present

description are possible in other embodiments.



25mechani cal cutting inplenent. Fig. 2b shows the state of the apparatus

according to the invention in the inplenentation of the nethod according to
the invention, wherein in this process step prew nding of the sem -finished
textile product by neans of the transport rollers 301 is shown. The di agram

clearly shows the sem -finished textile product 14a in the - 31 - gap of
t he uptake device. By prew nding the sem -finished product the channel 9
for the sem -finished textile product in the uptake device 3 is full, and

the end of the sem -finished textile prodgct 4 hangs down freely on the

| eft-hand side of the figure. 5Fig. 2c shows a two-dinensional diagramatic
vi ew of the apparatus according to the invention during the process step in
which the relative novenent between the first sub-unit and the second
sub-unit has noved to such an extent that the mddl e of the sem -finished

product is sit j ' 21QF et id.g ik d
Dt o Subbed TR BE ARk G o APl e, v

. 1 : e the location at
10whi ch t he hodk exakeds, bapifedied yethe sliderd2 Seratnsvesse imozepems @fide uptake t hi s
arrangenent the arrow A7 indi¢a he .di-recti g @Li venent
of the first sgff}uenél)‘t I:Se dé] | é\})ge&%%pgﬁ% {g)ed rgg%:l%en@&se%fl ﬁ%l\{h%ﬁinﬁjs %lrl\étgll(e\r/rgs, or at
| east does not dpviechads whilhéiepogsisinbi dhptvy irothe dlagramhrse¢raspt i ons of t he
novement type, nanely novenent of the first and the second sub-units;
novenent of “the first sub-unit only; or novenent of the second sub-unit
15only. Fig. 2®ycheas dfithshppwant habrdidpb tpantenadn thoensehig- f iheibstiedlet exti | e
product that is &itua&ed on. t he Ief%-hgnd sLdgtot th,gythfﬁgtoplof t he
cutting i npl emShi"® PVRREOMSARRC BRTPTETRY BYUFRE MESPRH U S EReAt or eci sel y
such that the mivégtic a0fiwitoa caemius bd thizheinphatiusiprazOiet of theinteBanfabCci sel 'y
with the m ddl %haggctetrpsgcsgo?pel ullltg' rr?alien:léps'is ﬂlﬂlgne%%%%g%ge f]ibr}g'st, asa (getsi%d, rather

10 than essentially being implemented by the incorporated resin as is the case in hitherto

known methods.

In order to be able to manufacture such an improved cellular material with the
apparatus according to the invention in an automated process, the following

15  individual steps are carried out by the apparatus according to the invention, which
apparatus is shown in Fig. 1: lay the rovings at a defined length, cut the rovings,
place the rovings in the middle into the needle and open the loop in the needle at the
top. In process automation the individual functions, in the present embodiment in
Fig. 1, are implemented as follows. The entire functional unit comprises two sub-

20  units. The first sub-unit 6, shown as a slide, moves on the base plate 11 by means of
a linear axis 10, wherein the second sub-unit 5, shown as a vertical unit, is rigidly
installed on the base plate. In the first step the rollers 1 convey the roving 4 forward
to the desired length. In this process the textile product is threaded through the
uptake device 3, while its other end can hang down freely. In the next step the slide 6

25  moves along the linear axis by a distance required for the middle of the roving to be
situated exactly in the middle of the gap of the uptake device 3. When the roving is
positioned, the hooked needle penetrates the substrate and on the substrate bottom
encounters the gap of the unit 3 or the uptake device 3. In order to thread the roving
into the hook the uptake device 3 is arranged on a slide 12 which, for example

30 pneumatically driven, can make a sideways movement. When the hook is in the gap,



upt ake of the sem -finished product by the hook, even distribution of the
textile material within the cellular material is ensured. Fig. 2d shows a
di agrammati ¢ two-di nensi onal view of the apparatus according to 25t he
invention in the inplenentation of the nethod according to the invention.
Fig. 2d shows the step of inserting the needle 15 that conprises a
correspondi ng hook 16. The left-band region of the drawi ng 2d shows a top
vi ew of the apparatus according to the invention with the transport rollers
1 and the sem -finished product 4 as welLhpas the cutters 2. On the
right-hand side of Fig. 2d there is a magnified view of that area 30in

whi ch the gap of the uptake device 3 is located. This right-hand regi on of
Fig. 2d - 32 - shows this gap including the needle with the hook 15 and 16
as well as the uptake device 3b in cross section. Likew se, the right-hand

part of the f1giige SRt REnS G of bR IR%ofiXhA! BaPRAAN Cnbll ufl @55 Secti o
4a. In this situation, in whick t he needl e has made a hole through the

cel |l ul ar mat er ppgning relgettedn aproing of the hapldinfasder thaakni pessiblegt albtoyptcgke has
entered the ga th e 1 s L, h 16 is
still sone dispgﬁégkﬁﬁﬁg (%%ﬁﬁgﬁéhﬁg%gépgmgﬁﬁgggoﬁ%mﬁghg%ﬁ§§%%9§%pesult of
a subsequent r ethatwiseeclorod rknif therratalltshde thetbmekes anidowaysl aeethentrfowirds needl e

15. Just li ke the. previo Fig..2d, Fi i ew of ]

appar atus. adcol g earToRHe Mo Do Rl PR AL AR Bt B cross
section of thengapnoft ticheviupisaketodengihdey Beaonoft thecutieghtr theanmdingi de. I n this
arrangenent the Ieft-gand side shows that as a result of the relative
moverment of t h&"RIFPEK& device 3 relative to the hook or the hooked needl e
15, indicated by the arrow 3, placenent of the textile in the needle or in

t he hook can take_place. In this arrangenent the uptake device .is shown in
Cross 155ectioﬁ%%gﬁogﬁﬁdﬁ%g?é%£§8@V?B8’Hﬁﬁ?ﬁﬁgg?wg'a%§w§°¥@¥ﬁ@f%hce in the

pl acement @b t Rention during implementation of the method according to the invention for
manufacturing a reinforced cellular material and for taking up a semi-finished textile

product in a hook.

Fig. 2a shows a diagrammatic two-dimensional view of an exemplary embodiment of

15  the apparatus according to the invention. In this arrangement the apparatus is shown
in top view. The transport device is shown in an exemplary manner as transport
rollers 1, which moves the semi-finished textile product 4 into the channel for the
semi-finished textile product 9 within the uptake device 3. The gap within the uptake
device 14 later ensures the volume region in which the hooked needle can take up the

20 roving or the semi-finished product. In this arrangement Fig. 2a shows the initial
situation of the method according to the invention by means of the apparatus
according to the invention. In this arrangement the arrow 17 shows the direction of
the relative movement of the first sub-unit relative to the second sub-unit, wherein in
the present embodiment the cutters 2 in an exemplary manner are designed as a

25  mechanical cutting implement.

Fig. 2b shows the state of the apparatus according to the invention in the
implementation of the method according to the invention, wherein in this process
step prewinding of the semi-finished textile product by means of the transport rollers

30 1 is shown. The diagram clearly shows the semi-finished textile product 14a in the



sem -fini shed product 4b. Due to the contact pressure, which results from
the uptake device 3 that in the present diagramis shown in cross section,
the sem -finished textile material is pressed into the opening of the
needle 15. In this context it is also of decisive inportance that the

rel ati ve novenment allows all three options of 20nmovenent of the uptake
devi ce and of the hook. Once the sem -finished product has been placed in
t he hook, then by means of the cutters 2 the roving or the sem finished
textile product can be cut to |length. Thereafter the needl e can nmake a
reverse novenent and place the roving or the sem -finished textile product
into the cellular material to be reinforced. At the top (not shown in the
diagram) of the material, 25release b or undoing of the | oop takes place,
which | oop has fornmed fromthe reinforcenent material au-ound the hook.

Fig. 2f shows g, dirqql Rl Aicd B9 pHWTRNSE QRAmit@Rshth PRk hd\@aARPAEGL US
according to t Invention. In ﬁls affangenment the two arrows indicate the
correspondi ng B0couniiashedinxé pamedict ip tehwtake dovieubisyulhaaetheepdol the novenent s
in order to reach dN&ecd rexd8 pioduidHadbs FiviUpli & tihdrawakapt the
needl e. Thereagﬁgg&mﬁﬁ%w?ﬁg Fﬁg?égFaﬁgg%raﬁ%ggﬁgﬁ%ﬁekan%ht?on,lﬁg‘the

nmet hod can be repeated after the position of the material to be reinforced

has been changged. ,5Fi g, . 5 . i,aqr i ree-di nensi i ew of
t he net hod iccg%ﬂ%ﬁgo %dFﬁ§9§%%%§¥?8%%§§%%§éPﬁﬁhﬁéﬁ?ﬁg&g§g§$§$%§uéccording
to the inventi te ioentdalusiys themraessorepiingyhicd thdrelativemntdanmnt bdtweenhhes

o anOe T B DRSS PR LY PSR, VL
still at the tp sahi-fikigthed@tddutias simmated exaltly inlthe midelid ofl the gapedf érei vptakd 9
| device 14. In a subsequent step, the middle of the gap 18 will be the location at
10 which the hook takes up the semi-finished textile product. In this arrangement the
arrow 17 indicates the direction of the relative movement of the first sub-unit relative
to the second sub-unit. This involves, or at least does not preclude, the possibility of
all three options of the movement type, namely movement of the first and the second

sub-units; movement of the first sub-unit only; or movement of the second sub-unit

15  only.

Fig. 2c¢ clearly shows that that part of the semi-finished textile product that is situated
on the left-hand side of the cutters or of the cutting implement 2 has been positioned
by the relative movement precisely such that the middle of the semi-finished product
20- 4 coincides precisely with the middle of the gap 14a or 18. This ensures that after
uptake of the semi-finished product by the hook, even distribution of the textile

material within the cellular material is ensured.

Fig. 2d shows a diagrammatic two-dimensional view of the apparatus according to
25  the invention in the implementation of the method according to the invention. Fig. 2d
shows the step of inserting the needle 15 that comprises a corresponding hook 16.
The left-hand region of the drawing 2d shows a top view of the apparatus according
to the invention with the transport rollers 1 and the semi-finished product 4 as well as
the cutters 2. On the right-hand side of Fig. 2d there is a magnified view of that area

30  in which the gap of the uptake device 3 is located. This right-hand region of Fig. 2d



10i s rectangular in shape and is to be reinforced with a sem -finished
textile product at predeterm ned |ocations. Sub-figure 4 shows that after
insertion of the needle 15 in the cellular material 19 during w thdrawal of
the needle within the previously generated hole a hooked-in sem -finished
textile product, having been fed through the cellular material, exits at
the top of the cellular material. The subsequent sub- 15figure 5 shows a
pair of Scissors for manually cutting the sem -finished textile product
detaching the sem -finished textile prodeet fromthe hooked needl e 15. The
next sub-figure 6 shows various fed-through pieces of sem-finished textile
product, wherein these pieces have been placed through the cellular
material in three parallel rows. The next and | ast sub-figure? shows an

enl argement of the cellular material 19 20in which the conplete cellular

material conprikgiss (8 YW Abhink @016 §6th RRMbK PN Endefdt Bfwedlak tehpraRé eces of
sem -finished textile product have been worked in. Fig. 4 shows a
di agramati c tW@eviel Heasrasheecti. difeaset herighidradpateidhdiisige tOMHE i nventi on

for the productignfhel &xnfchGRd: MRIRL iklish 42T A RABM 17 RANS (R fcePeparti al
25system 24 and a bottom partial system 25, and between thema m ddle unit

27 for suppor t ihagmedee hebe terough theselhBarpraswiad sadied ppovgrigand fophpeumptceito
position Lhss HBLELhRlnkRaBf BHOFRRIBAATRT 1Rl AREEL LA fRAL DL, Wi ch

is defined by the upper unit oncerned, a transport nechanism 28 for
the middl e uni still sonpr dstirgedway fromhbestesifle fihgelsnnlaasgoppilitodp sehsequedts is in a
position to cont rd, e L of iddle unit.
Furthernore, t %&ﬁ%6%$%g%%q?§ggﬁ%ﬁgg$2%§k§&%@t?%g£@g6§;nd the bottom - 34
- partial systens are conpletely automatically controllable by |ines front

the conputer unit.to the respective ynits to be controlled |n thi
arrangenent th U%B%%@eB?WPP%F%S%%¥§ﬁ?%§ﬁm%§ Or?ggog%ﬁ§@%¥%mﬁggngpggé, whi | e
t he bott omipar tliedhveayisi @mhe duifi- @ d ajolpamd thescras s@ridi niyht gart dfeheaypedeat us

according to the.inyentiaon By neans of the 5system shown Lgmghgq,4(it is
thus possi bl e £6VHanth RECAIERArAF o (B ERERTS et Bars shows
result of the relative movement of the uptake device 3 relative to the hook or the
hooked needle 15, indicated by the arrow 3, placement of the textile in the needle or
in the hook can take place. In this arrangement the uptake device is shown in cross
15  section 3b; said uptake device quasi serves as a resistance in the placement of the
semi-finished product 4b. Due to the contact pressure, which results from the uptake
device 3 that in the present diagram is shown in cross section, the semi-finished
textile material is pressed into the opening of the needle 15. In this context it is also
of decisive importance that the relative movement allows all three options of
20  movement of the uptake device and of the hook. Once the semi-finished product has
been placed in the hook, then by means of the cutters 2 the roving or the semi-
finished textile product can be cut to length. Thereafter the needle can make a reverse
movement and place the roving or the semi-finished textile product into the cellular
material to be reinforced. At the top (not shown in the diagram) of the material,
25  release b or undoing of the loop takes place, which loop has formed from the

reinforcement material around the hook.

Fig. 2f shows a diagrammatic two-dimensional top view of the apparatus according
to the invention. In this arrangement the two arrows indicate the corresponding

30  counter movements to the previously made relative movements in order to reach the



conpl etely automatically, wherein even locally varying pin densities can be
i npl emented by the system according to the invention. Figs 5a and 5b show
two needl es of different designs by neans of which needles the 10net hod
according to the invention can be inplenented in an exenplary manner, or
whi ch needl es can be used for utilising the apparatus according to the
invention. Fig. 5a shows a first enbodi nent of a hooked needl e 30 that
conprises a straight-line shaft 31 whose front tapers to forma point 32.
In the region of the point 32 the needl e330 conprises an eyelet 33, which,
however, conprises an opening on one side 15so that through it a fibre
bundl e can be inserted in the eyelet region of the needle- 30. The hooked
needl e 30 shown in Fig. 5b essentially corresponds to that shown in Fig.
S5a, except that in addition to the hooked needle 30 shown in Fig. 5a it

conprises a cl %H%l%xtﬁ@ﬁﬁ%&rﬁﬂlhﬁﬁwﬁah@ftmé &egﬁsm%ﬂext Qlew%@ tp&r@ren ng of
the eyelet 33 during 20 pulling-out of the hooked need % froma cellular

material. The @MUSHW@OME%HEWM§#ﬁ35Hb%s%%#%%ﬁ&ym@E%ﬁﬂmééﬁwamﬂ@a%ugﬁ that in

its initial posiiinRiaNEs, LR t in a tapered region 37 at the shaft of
t he needl e 30. %sogggngas ?%enggge end of this flap 36 during the

pul i ng-out of the needle fromthe cellular material contacts said cellular

material, saiddf] arnggg{Tys{m?m@lé%C/&}é%e_sfm&{s H}ﬂ'\ﬁ&v bithd i ocPQc%btdﬁn‘%Qo bR a

posi tion i n“whi cth osesS the opening o yél et 33, as
shown in Fig. 5bmnmhu$aaﬂmgdsmaammrwahkanmmguwhcUhmwhenrﬂh@ywa@dle 30 is

withdrawn fromthe,.c &bﬁ?m'?ﬁg% h t he ho?k end of the secaond |inb

damages the i ntdé‘foll%?g rthdhdg“‘hdnﬁ%rfl " tRe SUCC?S T artemat eri al

Furt her nore, thmhmﬂmﬂumﬁ;medhamlﬁawaﬁﬁ@ﬂﬂmnqsmhmamnnmrmnwnﬂsTMBEBme

detached fromthe fibre b d e durin |1ing-in in the cellul.

material . |f 3d? Aeshe¥y Vt’ﬁ“ ?éﬁ'tﬁ%ﬁog OFﬁ’S |C?}819%§1“é‘1“{°‘£§8§/‘3§16§f fnégr’g%Wer

| ayers, is iper ﬁo;reatwgﬂuarme]apd OBIUE & bereidforeed WeGhatins fMidkdpexekepbdicaat
situation in which, res fn$n1the te tllesmelgngrlpped

a
by the needl e @tfdaﬁama?%lomop Pﬁ*ngret“w oy hihaiatar ingrrtignd Uprgiesd

the cellular material 19 during withdrawal of the needle within the previously
generated hole a hooked-in semi-finished textile product, having been fed through
the cellular material, exits at the top of the cellular material. The subsequent sub-

15 figure 5 shows a pair of scissors for manually cutting the semi-finished textile
product detaching the semi-finished textile product from the hooked needle 15. The
next sub-figure 6 shows various fed-through pieces of semi-finished textile product,
wherein these pieces have been placed through the cellular material in three parallel
rows. The next and last sub-figure 7 shows an enlargement of the cellular material 19

20  in which the complete cellular material comprises regularly reinforced positions after

all the pieces of semi-finished textile product have been worked in.

Fig. 4 shows a diagrammatic two-dimensional view of the system according to the
invention for the production of reinforced materials. The diagram shows a top partial
25  system 24 and a bottom partial system 25, and between them a middle unit 27 for
supporting the material to be processed. In order to be able to position this material
to be processed as far as the insertion point, which is defined by the upper unit 24, is
concerned, a transport mechanism 28 for the middle unit is provided. In this
arrangement a computer unit 26 is in a position to control the transport mechanism of

30  the middle unit. Furthermore, the upper and the lower units or the top and the bottom



Fig. 6 shows a diagrammatic three-di nmensional view of a system 600
according to 5 the invention, with a top partial system 602 and a bottom
partial system 603. In this arrangenent the needle 601, which after
penetration into the material to be reinforced takes up the sem -finished
textile product in the bottompartial system 603, is affixed to the rod
607. This rod fornms part of the needle bar drive 604. Furthernore, supply
lines for the drive of the |lower partial system 605 are shown. The region
bet ween the 10top and the bottom parti al 38ystem into which region the
material for reinforcenent is incorporated, is designated 606, - 36 - List
of reference characters 1Transport rollers 2Cutters 5 3Upt ake device

3aUpt ake device in positioning | ocation 3bCross section of uptake device 3
4Sem -finished textile product 4aCross section of sem -finished textile

product 104bPl aged 8BS hieRbSPREI XInkahiBal QTGRS able by lines from the computer
unit to the respective units to be controlled. In this arrangement the upper partial
system can comprise a needle bar drive, while the bottom partial system can be
apparatus according to the apparatus according to the invention. By means of the
5  system shown in Fig. 4 it is thus possible to manufacture reinforced cellular materials
completely automatically, wherein even locally varying pin densities can be

implemented by the system according to the invention.

Figs 5a and 5b show two needles of different designs by means of which needles the
10 method according to the invention can be implemented in an exemplary manner, or
which needles can be used for utilising the apparatus according to the invention. Fig.
5a shows a first embodiment of a hooked needle 30 that comprises a straight-line
shaft 31 whose front tapers to form a point 32. In the region of the point 32 the
needle 30 comprises an eyelet 33, which, however, comprises an opening on one side

15  so that through it a fibre bundle can be inserted in the eyelet region of the needle 30.

The hooked needle 30 shown in Fig. 5b essentially corresponds to that shown in Fig.
5a, except that in addition to the hooked needle 30 shown in Fig. 5a it comprises a
closure mechanism 35 that is designed to close the opening of the eyelet 33 during

20 pulling-out of the hooked needle 30 from a cellular material. The closure mechanism
35 essentially comprises a flap 36 that in its initial position comes to rest in a tapered
region 37 at the shaft of the needle 30. As soon as the free end of this flap 36 during
the pulling-out of the needle from the cellular material contacts said cellular material,
said flap 36 moves clockwise from its initial position to a position in which it

25  completely closes the opening of the eyelet 33, as shown in Fig. 5b. This avoids a
situation in which when the needle 30 is withdrawn from the cellular material the
hook end of the second limb damages the interior wall of a through-hole in the
cellular material. Furthermore, the closure mechanism 35 ensures that no fibres
become detached from the fibre bundle during pulling-in into the cellular material. If

30  the cellular material, including already applied cover layers, is perforated, the closure



5Second sub-unit 6First sub-unit 7Connections for the control system 8Drive
mechani sm 159Channel for the sem -finished textile product 10Li near axis
11Base plate 12Slide for transverse novenent of the uptake device 3
13Direction of relative novenent of the uptake device relative to the hook
2014Gap in the uptake device3 14aGap in the uptake device 3 with

sem -finished textile product 15Needl e 16Hook on the needle 17Direction of
the relative novenent of the first sub-unit relative to the second
25sub-uni t 35 -

mechanism 35 prevents a situation in which, on the way back, fibres from the textiles

are gripped by the needle 30 and are pulled into the interior of the hole.

Fig. 6 shows a diagrammatic three-dimensional view of a system 600 according to
5  the invention, with a top partial system 602 and a bottom partial system 603. In this
arrangement the needle 601, which after penetration into the material to be reinforced
takes up the semi-finished textile product in the bottom partial system 603, is affixed
to the rod 607. This rod forms part of the needle bar drive 604. Furthermore, supply
lines for the drive of the lower partial system 605 are shown. The region between the
10 top and the bottom partial system, into which region the material for reinforcement is

incorporated, is designated 606.



18M ddl e of the gap 14 19Cel lul ar material 20Chopped sem -finished textile
product after being fed through the cellular material 3021Sci ssors for
manual cutting of the sem -finished textile product - 37 - 22Fed-through
pi eces of sem -finished textile product in rows 23Conpl ete cellul ar
material after all the pieces of the sem-finished textile product have
been worked in 24Top partial system 525Bottom partial system 26Conputer
unit 27M ddle unit for supporting the nmaterial to be processed 28Transport
nmechani sm of the mddle unit - 36 -

List of reference characters

1 Transport rollers
2 Cutters
5 3 ~Uptake device
3a Uptake device in positioning location
3b Cross section of uptake device 3
4 Semi-finished textile product
4a Cross section of semi-finished textile product

10 4b Placed semi-finished textile product

5 Second sub-unit
6 First sub-unit
7 Connections for the control system
8 Drive mechanism
15 9 Channel for the semi-finished textile product

10 Linear axis

11 Base plate

12 Slide for transverse movement of the uptake device 3

13 Direction of relative movement of the uptake device relative to the hook
20 14 Gap in the uptake device 3

14a  Gap in the uptake device 3 with semi-finished textile product

15 Needle

16 Hook on the needle

17 Direction of the relative movement of the first sub-unit relative to the second
25  sub-unit

18 Middle of the gap 14

19 Cellular material

20 Chopped semi-finished textile product after being fed through the cellular

material

30 21 Scissors for manual cutting of the semi-finished textile product



29Lines for controlling the various units by the conputer unit 10 30Hooked
needl e 31Shaft 32Tip 33Eyelet 34First linb 15 35C osure nmechani sm 36F| ap
37Tapered region 600 Systemwith top and bottom partial system 601Needl e 20
602 Top partial system 603Bottom partial system 604 Needl e bar drive
605Supply lines for bottomdrive

-37-

22 Fed-through pieces of semi-finished textile product in rows
23 Complete cellular material after all the pieces of the semi-finished textile
product have been worked in
24 Top partial system
5 25 Bottom partial system
26 Computer unit
27 Middle unit for supporting the material to be processed
28 Transport mechanism of the middle unit
29 Lines for controlling the various units by the computer unit

10 30 Hooked needle

31 Shaft
32 Tip
33 Eyelet
34 First limb
15 35  Closure mechanism
36 Flap

37 Tapered region
600  System with top and bottom partial system
601  Needle
20 602 Top partial system
603  Bottom partial system
604  Needle bar drive
605  Supply lines for bottom drive
606  Region for placing the material to be reinforced

25 607 Bar of the needle bar drive



606Regi on for placing the material to be reinforced 25607Bar of the needle
bar drive - 38 - dains 1. Apparatus |lot manufacturing a
reinforced cellular material and for taking up a sem -finished textile
product in a hook, with the apparatus conprising a first sub-unit with a
transport device as well as a second sub-unit with an uptake device,
wherein the transport device is equipped to convey the sem -finished
textile product into the uptake device; wherein the first sub-unit
and the second sub-unit are equi pped suh that as a result of a relative
nmovenent of the first sub-unit rel at} .to the second sub-unit the

sem -finished textile product can becﬁé#él%t a defined I ength; and
wherein the uptake device of the second sub-unit is further designed such

that as a result of relative myvenent of the uptake device relative to the
hook the semilfi riBpseius BxmanslgsrEmge remipresrbesdiulie avptsrinl apdfoidggng upa o,
The apparat ! t i LS EIMpGsin® TPkt ShBGnit it £ast
one cutg%ﬁéﬂﬁﬂgpéﬁgﬁéﬂ¥%3?lﬁgkﬁgﬁﬁﬁgigéﬁkgﬁ tﬁat ?ﬁ% ggﬁi-finighe& textile
pr oduct traspodeditit at welhadebdcoad stlengt vith a8 .uphhe dappar at us of claim 2
wherein the cutting inplenment is. attached to the first. sub-unit. 4. The
appar at us of ‘ﬁ]ﬁ%fe@%}ée g?nspﬂ’é 5}‘%‘6&&%&’%5&? freve rsgfnﬁ'tﬁflffg‘em%f%}eiFEO?)‘%W‘&Ied
on a hogkegiReadli€e; 5. The apparatus of any one of the preceding clains,
further conprising: pneumatic drive nmeans to generate at |east one of the
two rel ative winweimght Srst sub-unit andsthe Fegond gplarait et wiuippay sethethaffastayesult of a
precedin

gap: regati(\:fle ?‘riloryéfne% (Efqhé Pl?st lél&[-ggi?reclia K/ie(%g t}]lceusregcbnedrsugpu%rthg iser}lgi:—ﬁl%s}\lle%rt&tﬁg‘ |
product can be laid at a defined length; and
wherein the uptake device of the second sub-unit is further designed such that as a result
of relative movement of the uptake device relative to the hook the semi-finished textile product

can be placed in the hook.

2. The apparatus of claim 1, the apparatus furthermore comprising:
at least one cutting implement that is equipped such that the semi-finished textile

product can be cut to a defined length.

3. The apparatus of claim 2,

wherein the cutting implement is attached to the first sub-unit.

4.  The apparatus of any one of the preceding claims,

wherein the hook is provided on a hooked needle.

5. The apparatus of any one of the preceding claims, further comprising:

pneumatic drive means to generate at least one of the two relative movements.

6.  The apparatus of any one of the preceding claims, with the uptake device further
comprising:
a vertical gap;

wherein the vertical gap is equipped such that the hook can be inserted into the gap; and



wherein the vertical gap is equi pped such that the hook can be inserted
into the gap; and - 39 - wherein the relative novenent of the
first sub-unit relative to the second sub-unit can be inplenented such that
after this relative novenent has been carried out the mddle of the

sem -finished textile product is located in the mddle of the gap. 7. The
apparatus of any one of the preceding clains, wherein the transport device
conprises at |least one transport roller. 8. A systemfor
manufacturing reinforced cellular mateffals, which system conprises a

bottom partial, systemand a top partial system wherein the cellul.
material to b@“?%?ﬂ?ﬁ?@@&eE@HGB@%ﬁﬁgﬁﬁﬁsﬁégwggﬁe?ﬂgangeﬁﬁp?géyb§9€%@hs,

wher ei %etingﬂég%%éa B Hak Q%terﬁb(@traaa&qmw&% hAPRAK kS d RGEREHhiBGIlo? RNy One
of the preceding clains; and wherein the top partial system conprises a
needl e domi-fubishedtexti®. prithet sylstaed mfthe maddie 8( thaigah t he system furt her
conprising: a transport nmechanismfor transporting the cellular material to
be reinforced, wherein the transport nechanismis designed such
that the naterialreap,hgiut bans Pt Edhd freBdsledigints ned steps between the two
partial systens. 10. The system of one of the preceding clains 8 or
9, with the sysramilfeiranseert dongsrjosimiges at least one ansperptalle. unit for
controlling the apparatus according to the invention, the transport
mechani sm and/or the top partial systemaccording to the invention.

8. A system for manufacturing reinforced cellular materials, which system comprises

o

a bottom partial system and a top partial system,

wherein the cellular material to be reinforced can be placed between the two partial
systems,

wherein the bottom partial system comprises apparatus according to any one of the
preceding claims; and

wherein the top partial system comprises a needle bar drive.

9. The system of claim 8, with the system further comprising:
a transport mechanism for transporting the cellular material to be reinforced,
wherein the transport mechanism is designed such that the material can be transported

in predetermined steps between the two partial systems.

10.  The system of one of the preceding claims 8 or 9, with the system further
comprising:
a computer unit for controlling the apparatus according to the invention, the transport

mechanism and/or the top partial system according to the invention.

11. A method for taking up semi-finished textile products in a hook for reinforcing
materials, wherein an apparatus of claim 1 is used and wherein the method comprises the
following steps:

laying the semi-finished product onto a bottom face of the material to be reinforced;

positioning the middle of the semi-finished product at the location of uptake;

inserting the hook into the material to be reinforced;

placing the semi-finished material in the hook; and



11. A nmethod for taking up sem -finished textile products in a hook for
reinforcing materials, wherein an apparatus of claim1l1l is used and wherein
t he net hod conprises the follow ng steps: laying the sem -finished product
onto a bottomface of the material to be reinforced; positioning the mddle
of the sem -finished product at the |ocation of uptake; inserting the hook
into the material to be reinforced; placing the sem-finished material in
t he hook; and - 40 - w t hdrawi ng the hook while at the sane tipe
positioning the sem-finished product "i*A-the material to be reinforced;

the sem.-finishe r oduct

by neans of a cufting jnplenent, cutting. i n texti

ot B deti ned VOIS FRRDBD st haairegins T GH s AP B o B RR BT b,
12. Thepaethot of blefithicdd, additionally conprising the follow ng step:

rel easing the sem-finished textile product fromthe hook. 13. The nethod

of any one ofbycheiny®f i tuttiog i@plewiset, entting bee deoviinished taxtita eraden aha Hefoedd
needl e;, a r f ing a relative novenent of the sem -finished
productkP%ﬁﬁ{ﬂvéwFSmﬁﬁg”ﬁggig%mﬁggﬁﬁ?fmpﬁg?%%y pl aci ng the seni-finished
product in the hook. 14. The nethod of any one of clains 11 to 13, wherein
the process steps are carried out repeatedly, and wherein a closed scamis
provi ded as alZ estiteemethodpd ¢leinhjl.rddicignalbheonysising thefalloadng &gpi | e product .

releasing the semi-finished textile product from the hook.

13.  The method of any one of claims 11 to 12,
wherein the hook is situated on a hooked needle; and
performing a relative movement of the semi-finished product relative to the hooked

needle, thereby placing the semi-finished product in the hook.

14.  The method of any one of claims 11 to 13,
wherein the process steps are carried out repeatedly, and

wherein a closed seam is provided as a result of omitting to cut the semi-finished textile

product.

15. The method of any one of claims 11 to 14,
wherein the semi-finished textile product is a fibre bundle; and
wherein the fibres are laid up so as to be parallel and stretched in the material to be

reinforced.

16. The method of any one of claims 11 to 15,

wherein the material is a cellular material.

17. Method of one of claims 11 to 16, further comprising the steps of:
providing an apparatus having a first sub-unit and a second sub-unit;
wherein the first sub-unit comprises a transport device;

wherein the second sub-unit comprises an uptake device;

transporting the semi-finished part via the transport device into the uptake device.



15. The nmethod of any one of clains 11 to 14, wherein the sem -finished
textile product is a fibre bundle; and wherein the fibres arc laid
up so as to be parallel and stretched in the material to be rein forced.

16. The nmethod of any one of clains 11 to 15, wherein the material is a
cellular material. 17. Method of one of clains 11 to 16, further
conprising the steps of: providing an apparatus having a first sub-unit and
a second sub-unit; wherein the first sub-unit conprises a transport device;
wherein the second sub-unit conpri ses -dh-upt ake device; transporting the

sem -finished part via the transport ce into the u ke.device. - 41 -
18Met hod of ofe dric@paphgneaf d@ms7l to g% g?ercPBFﬁ?Fl?@gﬁ}bg{OﬂBWfr&ﬂ {'R% ng st eps:

performng a éf ?f]b%in & ﬁgﬁlmzelﬂ%tto@@hef ﬁr@ﬁub%ﬁ’t MRtive fehatédbgd kep-Lhe second
sub-unit, p ov Ing the laying of the sem-finished part.

19. Thahasbypkwahngﬂnﬂmmngdf&ebhuiﬁnmhaimniaI in an aircraft, wherein the
cellular material is manufactured with the apparatus according to the

i nvention, the systemaccording to the invention, or the nethod according
to the inventjon.The yse of a réRfordda cRll ulgmatteuglqm%la&bm aheeimfhercedacel | ul ar
material, which cellular material is manufactured with the appar at us

accor di mgtctial is enifreried with therepayis aasadivsielihsgnteptiohdhe pysiam peserdiag ta he

et hod f%%%)vreg{xolg (awe meethocq] Y cr(])};dn%-' to the invention.

20.  An aircraft comprising a reinforced cellular material, which cellular material is
manufactured with the apparatus according to the invention, the system according to the

invention, or the method according to the invention.



