-1- DEVICE AND METHOD FOR PRODUCING A REINFORCED FOAM
MATERIAL 5 TECHNICAL 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 HawyEreAND MEAAOIS PFORCEROD CTan]EaARINSAHIIOC BR YN
constructions are made from a top facgiAqgfraaier 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 hexade#aHNYCAL. IS, -2- The specific
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f‘fﬁ 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.



5 application in sandwich constructions for structural aeronautical
applications. For this reason various experiments are being carried out in an
attempt to improve the mechanical characteristics of the cellular materials
without incurring an excessive increase in density. By means of sewing
techniques, the incorporation of pins, or by means of similar methods, the
core is locally reinforced without incurring 410 considerable increase in the
weight of the structure. Moreover, in various methods there is an option, by
means of local variation in the pin density and in the pin angle, of tailoring
the mechanical characteristics of the core structure to a particular case of
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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.



at the same time of pulling the thread or the fibre bundles or fibres through
the high-resistance cellular material. Two different methods are used to fix
the thread. 5 Firstly, by means of the sewing method known as tufting, a
thread can be pulled 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 seaf 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.
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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



All these known methods are associated with a disadvantage in that after 5
withdrawal of the needle from the cellular material the remaining hole is too
large in relation to the thickness of the incorporated thread. This leads 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 improvement in the
mechanical characteristics is not implemefited by the fibres, as desired, but
instead, depending 10 on the method, is essentially implemented by the
incorporated resin. However, the improvement of the specific, i.e.
weight-related, mechanical characteristics is insufficient, when compared to
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insufficient, 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



face. In the region of the impact the pins that have penetrated the face layers
have been pulled out. Furthermore, fibre rupture occurs, as does local
separation of the core from the face layer in the region of impact. These
practical results agree well 5 with theoretical simulations. Also in this context
CAl investigations can be made; they show that in the case of a
non-reinforced cellular material the main faifure mechanism consists of
microbuckling of the face sheets. However, in the case of reinforced cellular
materials, separation/release of the pins is the main failure mechanism.
Apart from the NDT behaviour of reinforced cellular materials it is 10 also
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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



otherwise they cannot be processed. The diameter of the pins used is
between -6- 0.279 and 0.711 mm. Taking into account the respective
materials characteristics the pins can be from any of the three materials
categories, for example fibre- reinforced plastic, titanium alloys, glass,
Nicalon or quartz. In the method developed, the pins are shot, with the
support of ultrasound, into the cellular 5 mgferlal and in a second step they
are transformed at the surface. The resulting product is marketed by the
trademark of K-CORTM. As an alternative to the above the pins can also
enter the face layer. This product is commercially available by the name of
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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.



sewing methods with only an upper thread (e.qg. tufting, blind stitching), and
the double-face sewing methods comprising an upper thread and a bottom
thread. -7- First we will discuss the double-face sewing methods. Generally
speaking, various stitch types are known from textile processing. Examples
include the lock stitch and the chain stitch. 5 Of these types of stitches the
double lock stitch has been shown to be mbst suitable for reinforcing a
cellular material. To form the double lock stitch an upper thread and a
bottom thread are used in the textile industry, also referred to as needle
thread and gripper thread. The needle thread is kept in the needle by means
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looping point is set by way of the thread 15 tension. In the textile industry it is
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to an absolute minimum. _ )
movement of the gripper the loop is enlarged and pulled around the gripper. In

this process the needle thread loop is placed around the looper thread so that the
latter is affixed. The position of the looping point is set by way of the thread

15 tension. In the textile industry it is common, by means of identical upper thread
and bottom thread tension, to position the knotting point in the middle of the
goods to be sewn. In this way, among other things, an increase in the stretching
ability of the seam is achieved. With the use of the double lock stitch in bonded
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



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 -8- dimension. The looping point is a weak point in
this reinforcement and should therefore if at all possible be situated outside
the effective region. For the reasons mentloned above, in bonded fibre fabric
technology the looping point is placed to the bottom face of the laminate by
increasing the bottom thread tension. As far as 5 the yams to be processed
are concerned, it must be taken into account that during stitch formation the
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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



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%ace 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 -9- tolerance, as there is
an incregsg,ndhe, 0minal mechanical sharasterisies. A tiat e 0grease
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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



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 théQWisting of individual fibres or fibre
bundles. To the extent that in -10- the context of the present invention
reference is made to the thickness of a fibre bundle, this refers to the sum of
all individual fibres in a compressed form. Furthermore, the present
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products. According to an exemplary embodiment of the present invention,
apparatus for 10 manufacturing a reinforced cellular material and for taking
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conveyed into the uptake device. In contrast to this, 15 the first sub-unit and
the secolfd USRMESre 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 syb-yihisifHhak Apsignatbaushchat ag asht kIS paratus for

movement of the uptake device relative to the hook the semi-finished textile
pH3duct é’é‘?{l\bfé‘c%llﬁé‘cféﬂlﬁﬂrfﬁ%‘iﬁgwr FREcted SR fEine R dgRdiHE tBethe

inventioneofi ther st i a-bovk ¢Gastddel amythis arrangement the apparatus comprises a
first sub-unit with a transport device, as well as a second sub-unit with an uptake
device. In this arrangement the transport device is equipped such that the semi-
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 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



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 -11- placed in a hook, for example of a hooked
needle. For example, such placement takes place after the hook has
penetrated the material to be reinforced, drlthe cellular material to be
reinforced. This transport device can thus be implemented, fir example, by
means of so-called transport rollers, which in a manner so as to 5
counter-rotate face each other so closely that a semi-finished textile product

thatis si ' mj nth rs.is tr or h
surf;ces%g?%t%?gld% e?slf b@%%ﬁf@%?fﬁé?@ﬁ%%%%&.%Lﬁé)\(/%%sg?efrga%% oz}%eb% s

or individakgs Mecshticaledinobdrs arachiedhagnepr toPreRiaiosatapishert
device tranaparhierisaidinizheddextile pradpst along the PRRARIeHNINES ed,

axis. It is the object of the 10 transport of the semi-finished textile product to
transport 4 GG RGBS Bl -HARSRRG S HSHu TS e 4 BHIIT bHIR &
thé transpenitdeniceeifhordarhiotsubseludntivancanporatished theilemtoicingat is
material, the desir uantity of I- finis roduct eith 0 t.

e rerat e e RS L e
its princivdesighifeanteliatetieny thiess. differapt anasPricpRident¢idderent
variants ,pfthaRRPaANE friratly ithisfRisitownRyeNe philpaRigh iedfitRbort the

sub-unit remains Lcig/idly_or firmly in its position while the entire movement is

completédBy LIRSV EHERPHHL Lo HYE BIRISHEEBRIY, iy gRiget of the
passible antpersegabadesiitfizBhenitebaiferprbydnemairninjtst pakifiosd g doo by
the first Ss‘érk%ﬁgf?ﬁtistﬁeﬁ‘ﬁ%‘é ot h@ﬁ?ﬁ@i&%’%&'ﬁﬁ&@ﬁe" RIS RRQIET 3R ASNird
option of movement, in which bot

subsequently incorporate, in the reinforcing material, the desired quantity of semi-

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.



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. -12- In this arrangement thetdrm defined length is to be
interpreted such that, after conveyance of the semi-finished textile product
into the uptake device and the relative movement of the first sub-unit relative
to the second sub-unit, the position 5 of the semi-finished textile product is
adjusted when compared to the uptake device and consequently to the
position at which the semi-finished product is later taken up. In this

arrangenmepfi{hisRedRIRMINGsh l@nifif-mastefien detgraaadcdihin ter
required length of the semi-finished product in the material to be processed.

In this cortSRATETRALRF ST THERRASS SR TREtisd sy st e Angrie
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the p“fp%%%8%&8%1}1:8{5%%?"%?&@@6 _J%?{E%’&iu HAWHES: SIS Eﬁéa&}é{%e
movement in this exemplary embodiment of the invention’is also used for the
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device relative to the aobject that takes up the semi-finished textile product or
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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 the 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



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, t0o, in which™ tAe 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, & ixe NG BESR MO NRIIRNIR S ASQRLSHIRISHD WIlERRallve
13 components, namely the uptake device and at the same time also the
hook, mé9ehaighpaerardigiehsil fipisirarraducle presgdén phaekd in the hook.
Thus this exemplary embodiment of the present invention is able to make a
hole 5 in the cellular material before the fibres are pulled into the cellular
material.-£or this.r n.th tem rdin the inventign can imprav
rinforeeLant ol T o o T B i e, A He e

in@orporatebefiistbgdaspatesiahbefsits ereditirppres/ing athenio drnephigar material. For
charactefiglics Qnthe cRIMRhRIRISIHAbGR S TaINEH tAAMIPR TE SiMMRISHR of

subsequent infiltration_processes 10 flows into the excessively large holes
around the'filteSaiseitly YeS BrSi e to st DRSS thi R Al s
accordingréadiyehnibdni@nnpibnisg tha peditioi dochmplerient tiehadvhiitages
of fibre-rejnforced cellylar materials. withiuh ere A5 g a Nesd 0. aqeept
the hitherto associated disa vantages. According to'a further exer‘er?ary
effbodimtntsonthehp rsestipldatisiolneamppdthedddravtheria seereoihrifudhe
at least ofgg.cuiting implement that is equipped such that the semi-finished
textile product can be cut to the defined length.

The present apparatus according to the invention is thus in a position to
implement the advantages of fibre-reinforced cellular materials, without there

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



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 sertt-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 -14- first surface. This applies to
the present exemplary embodiment and to all the other exemplary

embodi t e : in invention...Thi ject i be
furthor Syt by e RS I e L AR g
product @EirsierOPRREYSIRRRSHERY A ACST 2RRAEH adePITHIEHROHE 18¥eRtifimished
products are incorporated in the cellular material, to tailor the mechanical
characteristics of the structure to the particular application and to locally
required gachanieal t%fb%rﬁ{%ﬁﬁ“rs“c 1R BYTSIRIE Q0 19 AdI0led; HedRe
if the seam Is 1o remain closed. FOF this reas n, th appal%ttus according to
1@ the invntiopishedipradac deasity wishexdhisiaiy ansheldimenglcanmdish phise

at least Qng; suttincuippierient facsysing dhe aeifinished textiediedust to
length. In this process the required length of the semi-finished product is
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then thesg Spaaial FHNINELINRICNIRINS (REQPASHIRBAISNRRANY o 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.



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. - 15
This exemplary embodiment of the appa‘rét%s according to the invention is,
for example, shown in Fig. 1, whose first sub-unit 6 comprises, for example,
two cutting tools 2. These are mechanical cutting implements with blades,
wherein the above-mentioned more specialised cutting implements cannot
be excluge as.nRASSIRISEHION ATRISEN ACEIANGIAR (HICon i for
exemplary embodimeént of the present invention, the hook Is provided on a
so-callecFFIBRECShREHIE. [18 |h Higsedhtesttiaitd rompTResd ineeiapisidroto

a sewing.geMic VIR TiRsfolr-aXRRIR AAUIRRE thif bk URAIR SRRt the
cellular material. For example, sewing devices are known that are used in

particulaP iR HE UGS AR YT SAHERIOR BORRt GRRRD St e ded as

sahdwiclpesitstraatiopsngdenpnise, for example, cellular materials that can be
reinforced by carbon fibres or by other bonded fibre 15 fabrics. In order to
render the apparatus according to the invention technically compatible for
this very case of manufacture, a so-called hooked needle is used in such a
sewing deViCE B d 1S BE ke MBI T B R AR HP ANF RSANGE POk
Figures Sapanddeb ovheretal it badekiaddidedle can additionally comprise a
closure mechanism. 20 According to an exemplary embodiment of the
present invention, the apparatus

10 In this context the term hooked needle refers to a sewing device which is, for
example equipped to pull fibre bundles into a cellular material. For example,
sewing devices are known that are used in particular in the field of manufacturing
sandwich constructions. Such sandwich constructions comprise, for example,
cellular materials that can be reinforced by carbon fibres or by other bonded fibre

15 fabrics. In order to render the apparatus according to the invention technically
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 5b, 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



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 -16- compressed-air lines to corresponding movement components
including seals and nozzles. According tol& further exemplary embodiment
of the present invention, the uptake 5 device further comprises a vertical
gap. In this arrangement the vertical gap is equipped such that the hook can
be inserted into the gap. Furthermore, the relative movement of the first

sub-unit E%l%‘ﬁq%é%&%H?Fl%%a%?gQo%‘é?ﬁHRA%%%&%&(&Rﬁ%%%ﬁﬂtSSMSM'f%: ,%f%tgr nd

this relative movement een carriedout the mi e semi-

textile progiéess located in the middle of the gap. 10 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_ﬁn.i%h:%gré%%( til% ap %ﬁ)gfilgrtewei:lrln Ea I%%ﬁlgos&ﬁ’ige%ta(ﬁt H) I reosléﬁqﬁ\‘sf’é:%w?n, the uptake
depending on reéuwements, e cut by the cutters or the cutting implement.
TRe 15 péatiet thehse poniptiseredvRatind gvdudhisenisiepasninheiyeieaiszed the

left-hand, igpQf e ehitters hisorAMAbLA LS ENtiS 180D ofuthe PRstOtHb R 1ative

semi-finished product, which part is subsequently in a further step taken up
and placBY VAR thate HE S BETETHBINEL PeTative HBY S BifRented
first sub-uinih redatiter ihisthdaseeond aubatiit is-thenarcedpletedmsiddle fahéhemi-

distance from t ssible 20 cutting, implements the middle of the gap of
the upta A e G e from the e
of ghe gap to the end of the semi- finished textile product.

The term middle of the semi-finished textile product is illustrated in Fig. 2¢c. 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 reinforced, the above ensures

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



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 reinforced, the
above ensures that at each position of a hole in the cellular material the fibre
density is the same. - 17 The loop which forms during uptake in the hook
from the piece of the semi- finished produl:? around the hook thus has two
ends that are equal in length. According to an exemplary embodiment of the
present invention, the apparatus 5 comprises at least one transport roller as a
transport device. In this arrangement these transport rollers make possible

steady an AP SHRMIGARORIL SRS SEpIsheg IRl

product mtot uptake evice transport rollers are, K r example
shown infmighet! arpders sighaddbedipdotihe hasérorradchar ateeadal in length.

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 row e semi-finishe le pro t ers can b
e TR S R S R
thé middfemptises polsitis oust et bylahpbraspratidines. 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, II\{vmcs%art Is loc !ﬁo tgs% |th|n0 € % ratus ac erd Ng,to the. | rinuaus
invention, prewmdnﬁ & roving or of the seml inis dsproéuct makes It

possible w@mvmétm@pgémf fgistiadltatite frodeerestugt precdiéfinethkerigicat
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taken up by a hook. In this context the term "the part of the semi-finished

eF3cuct WA EHS5ERY S RIEATEE TR R Sttt MBS TSV BRion

refers to ftinainparztlﬂf sﬁlgelﬁeamﬁlmﬂshxed)uaf@&t:qirwhmnﬁahemmmmmd:ugctﬂe

Is Sltuated t8ucq e ?oavr}r(;gsi% or QO 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.



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. -18- According to a further exemplary embodiment of the present
invention, a system for manufacturing rei forced materials is stated, which
system comprises a bottom and a top partial system. In this arrangement the
material to be reinforced can be placed between the two partial systems,
wherein the bottom partial system 5 comprises apparatus according to a
preceding e I ' of tgﬁ ' jon..ln contras b

Fhe top P e
machineformeawesitioReis aEadonAREad dnstiat th&RB Yy Hem drIBBTeS 2
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the directioredntier firdstdpgfeedengmp¢siarangement the semi-finished textile
product corresponds to the fibre bundle, and the provision of the

semi-finished textile product on the other side of the second surface is

accomp'ifﬁg%vt’éﬁdﬁ%% hottom (E%latﬂéaﬁ'qu EMnd-BoRARRIRINS 2 2. Accding g
one of the prece |ng‘ exempla_ry embodiments Ofet e mvenpon. n cont(ast to
the aboveclinlarpraguetiang aptsipreaied yiiiekame fibeedsingibe ppdyetion of the
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and the concurrent approach of the hook to take the semi-finished textile
product Lljlbstﬁld 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

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

In this arrangement the semi-finished textile product corresponds to the fibre
bundle, and the provision 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



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 - 19 in the cellular material and pull the fibre
into the cellular material at the same time, the system according to the
invention can improve reinforcement of celflitar materials with fibres to the
effect that essentially the incorporated fibres are responsible for improving
the mechanical characteristics of the cellular material 5 core. In order to
make it possible, by means of the top partial system, to sew through the

material 1 B (EHNIOrGEDEMAETRICARLAN B PiAGe AN AAFhEd e

between the two partial systems. The throug es that are generate
the 10 néieflethianyaiseacarrdiag e ipBrarit e td repINYRFeH e aIcat afgellular

desired apgLials RASitivReskhenakave also-aRpliesithathtie BRAAI AMISS are
mentioned above. 15 The orientation of the through-holes can, in particular,

be individTARY SIS RCtHES FAS TEhoB SRl DA Wb freiidval terisea!

reinforcechras 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 HEERERISKHKET ResTRISoPHHRCARS thitein RATHY PEHRBr R G INERERT
the transpenhmathanismeiafdesigiedmauchtbat boeh apercall ead heched

transporied. I BRI TURGH SIeRROFRYEE0. NS HLQ BRI BRI 1T e
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



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 -20- positioned, by means of the transport system or the transport
mechanism, between the two partial systems so that when a through-hole in
the cellular material is made, the desired local position can be provided with
a semi-finished textile product at the desiféd angular position. In this
arrangement various patterns as 5 desired can be sewn that make it possible
to tailor the local mechanical characteristics of the core structure to a specific
load case or application case. In this context it is of decisive importance that

et 1o 1 B A ey e el e g R Ren
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out by the transport device, and in order to be able to control at least one of

the relatifE T BVSHRINTE SRS UBIAPAO he L RIng AL oR es Anajerial. and
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the smallest local units.

In this arrangement the predetermined steps of the transport mechanism can be

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.



25 the computer unit can control the transport mechanism which moves the
cellular material to the appropriate local position that is to be reinforced. -21-
However, the top partial system according to the invention, which partial
system comprises a needle bar drive, can also be controlled by the computer
unit according to the invention. 5 It is thus possible, by means of the system
according to the invention, to implemenf% ally automated and
computer-controlled process unit that fully automatically implements the
manufacture of a reinforced cellular material and the uptake of a
semi-finished textile product in a hook. 10 According to a further exemplary
embodi fth invention >thod . .for taking u i-finish
el preaLe L e e
method coMpiirsas fisedisIRsviihity stepsaliayin g apieotefty fittsIerpPyes it onto
the bottofa faam ofdhe matatish to be reinforced, 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 i théwarspiladbaneansforceisysicardesaslingp ety ensipigle-face
sewing mathaddn Whith aengiatingdnengfddhiasginelesin dhenmatariah s
not carried out at the same time with the feed- through of the reinforcing
material, AW SREF WS AP lARTH &N mE e dsb 0k mﬁﬁ%%%%’e&ar fpajsgial and
accordinghéaplekénfenteari-argsstdtedtile hiduariangewient 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

oHthe sethrHHHERLRTHEHITE S LS CRRITB1H SRR BT PRARE, 2 method

Insertionfof tiléng up semi-finished textile products in a hook for reinforcing materials is
stated, wherein the method comprises the following steps: laying the semi-
finished product onto the bottom face of the material to be reinforced, 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



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 -22- a special sewing device that is intended for pulling fibre bundles
into a cellular material. Placing the semi-finished product in the hook can, for
example, be implemented by a relative movement of the hook relative to the
semi-finished textile product. In order to‘l%% the semi-finished textile product
up in the material 5 to be reinforced the hook is withdrawn through the
material, wherein subsequently the semi-finished textile product or the fibre
bundle is released from the hook. In this process the initial situation of the
method ig ¢ e%?ﬁ%gwti’xg%%%ﬁ@et %tt%r{ﬂtéwé@%oﬁ%% Fipid Bﬁ‘f&d?é%ﬁkﬁ&%%@ﬁﬁé}m
relate to the state of the already processed material, but instead describes

the statea¥eriteldiingiois sfthdippputarodunian 1o finpfcsiehes ehanplsthsd.
After this;ipiiahsitvaion hasibeanveachest dRasortedivean dhus herstaHas

and implemented anew and in the initial state of the apparatus. A .
continuotf& o b AR A B E S I o A EE S TG B BB VR LR "R
vatiant canbbecapptied tbeatykos ehdedhtathmegeriad witlkerdiffersntdenbiquently
makes it possible to reinforce,cellul jalsqv ar I '
ol AT B S g A R,
during pilingragresdbarnfifstzgtiexafchsroihadmtdeastede Migie v die ipam "initial

Thus, bagggd@hthe inehiackageQr dingindhe dvantion dkigRagsRie-tsabtain
a sandwich construction with a high-resistance cellular material core that

retains tHEHTAH Y Hetsadatessn irsthatair 2ad A aged anat s Aapaet iy
advantagephenscbmpetted.ta flaotheytotiabsitragin fes, end raddditibnmashad
result of fhe tﬁﬂlest é’%a"’n‘?e%o{r‘ﬁ'c\”%t?ertﬁ‘e%te'ﬁ‘é%”&oa%u‘i%’tﬂgrihsl%%l'éPA?r%‘f%?e apparatys.
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

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.



is stated which comprises the additional following step: releasing the semi-
finished textile product from the hook. -23- In order to locally lay up individual
limited pieces of the semi-finished textile product in the cellular material and
in doing so to locally achieve different pin densities, the respective pieces of
the semi-finished textile product have to be prepared to length, for example
cut off, before they are incorporated in the?8 material to be reinforced. After
the reinforcements have been prepared and laid up in the material to be
reinforced, the semi-finished textile product must be released by the hook.
Thereatfter, the hook at another position of the cellular material to be

reinforceg, ¢ Cr%eﬂm (y‘ %Qi} Eh&\‘%ﬁﬁ'ﬁl afS?e!:%X&ﬂh% @?ﬁf RUOES QLA

piece of semi- product. In rrangement the process or

process Btefuef lm%%ﬂglﬁ‘gﬂé?éﬁlafb@éxam% takelprabe aspievetHg aae Rive

use of scisaqrRQkIWiItERAYEPRILed lafkttical. thRHINARL R BRaRIGal CwiltiRg
implement. However, opening the loop, which has formed in the method

accordin§ i858 IRV GrSMMAS SeiiRsEME ¥Rt PrOEIELET U HE the
haok, formexariapte of @infecie, s&erbe mpﬁn@dm?&mslmpehuag prpaeskatakias! up

place at {figfo [}Ba?l EhEt QIR ﬁo%e'ﬁet %&”ff%s%%'d P%E?e”ﬁ%&ﬂ& %%stbbtclquﬁgd

product has alr een ta en up on t e bottom O aterial t

reinforcelyahriliegk. %S@é@é i/ ek napeitbetouiden ohehareeidirlan npagsiial ierbe
it is also pagsiRle t@aﬁ@%ﬁlﬁhﬁr&@ﬂ'ﬂ%‘&emﬁ‘& fecsemiy fipishee textile Bradiictdsr
released, for exampl gravitation or by pulling the semi-finished product

in the dur%“dﬁbﬂ“é%hif‘é’lé%@ge PEREEIPRY T SERR BB 5Bt Nt
oftthe presemtingventifan cthenpieetiiettomipricestfe fiblihwing edditenabsteah

by means of cut mhgclm I ment cuttm the rq -finish dtex[tllﬁ(product at
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€SIre 'dl or e anica 1ng mmpliemen WEVEr
adefmecﬁgn ottom ce ofm & p

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 material 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



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 -24- cellular material.
In this process the cutting implements can be mechanical cutters, or, as an
alternative, cutting technologies that ope‘r%ﬁe‘with the use of electrical, optical
or thermal techniques are possible for use as cutting implements. Since the
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 E@ﬁuﬁﬂ%%%%af%ﬁ'Flgsh%‘r%c%ﬁﬁké'é‘ﬁ%&‘r?qi ﬁiglgemso_ga%clge'%%% XA ers,
carried out at the bottom of the cellular material. According to a further

exemplaf) SrcHIPRETVSf (BT ddRpinganthnh onsesopikh e issRlgrsdisn-a
hooked ngedie opidiha eemiriishebasieabisRlaceddmNamMeRknRY Since the

means of a relative movement of the semi-finished product relative tg the
hooked REBYIR™ AEGFAMG RE 4tthRP Sk IR eI OGiFEE b EHE B R 8Fer
in§entionptpd]k5iprocesmslepsatdcariiad oubrepeatedinlandaaedidpedly to the
seam arise f jtting t t the semi-finis tile_pr {.
Should 1 o A e e
in a certhptfeaibhoteHeleenalershaterial, 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 Olé%.?rdﬁig%‘ﬁ” s Sl ke Ol Re P hed LrodUStin g Seliahok
material and in this way proauce a 1ong closed seam.
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.



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.
-25- For example, this hook can be affixed to a needle with a hook-like tip.
Said hook grips the roving or the semi-finished textile product in the middle
on the bottom face of the material and p‘u?l%‘said roving through the cellular
material. As a result 5 of folding, a large number of fibres are pulled into the
cellular material where they are present so as to be parallel and stretched.
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

inventionzdhexaypieNthid 6eekding o i 0 e ntirRd e Wie Metratkaepordiatéex
the invention. According to a further exemplary embodiment of the present

inventiorS 5 HIFdR O sHSRG APHARTIFEEY amter MiAteriddl Sytagbottom
which ceflulasfitdateriad hdantpbiesuihaniigctuseghwihthctilappatatals As a result

acgording,tp the iny E{r‘éieoﬁ‘ur%%r%é%%@s ALCRAUAYLIQ fne.l f{l‘?ar}“r%eéfﬁg%ere they
method accordn‘%g to the invention. The exgmp ary embodiments of the
apparatudapidsepthe asystenpapiie) aedibiectehedhod 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, 10 6AMPIE SEINRE MALeURIBINAN SR PRSI BN SR DR e o
fibres or other bonde ﬁi)re abrics. 25 -26- P '
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



Further exemplary embodiments and advantages of the invention are shown
in the following description of the figures. Partial aspects of the method are
disclosed in the US provisional application US 5 60/685296, which is
herewith completely incorporated by reference. BRIEF DESCRIPTION OF
THE DRAWINGS The illustrations in the figures are diagrammatic and not to
scale. 10 Fig. 1 shows a diagrammatic threée=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

diagramm %%'19&"8& ”I‘a‘% ABSAYIENS fXYI’Ca gt!ﬂoeﬁlﬁﬁ’ ra&%‘ﬁqé‘f&\%éﬂnﬂ afQ vn in the

invention for manufacturi ing a reinforce material and for taking up a
semi-finiépleariegilespipditpinhs AgoRsaccording 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

apparat“ﬁaﬁc‘i gL 19 Ie OKSHYON L ss’e\(ISE?meet%%ﬁgwg RSy VA 8%%

Fig. 4 shows a grammatlc two- men5|ona view of the system according
25to theOHOEPRRIN wkishrdihgreyidhceruiaisiaripertitondiid Br i present
invention. -27- Figs 5a and b show a diagrammatic three-dimensional view of
a hooked needle that can be used in the present invention. Fig. 6 shows a

diagrammatic three- dlrﬁﬁq e é’teﬂ‘hg’f @Wﬁﬁ% Wn@ cording to
an exemplary embodlnwnécnﬂlﬁéejmsen@rmﬁuw—pr%

exempiaEy IRMPRAI0 aNisafdhe IR BRLIRVRAIO A folRSGHRed with

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

invention.



reference to the figures. 10 In the following description of the figures the
same reference characters are used for 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 explanati‘oWs‘aIso 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 Flgé:_i#]ssg]zf)ﬂ %%‘h%gvf am ?E'I%M‘Fceth‘%é@_‘aﬂﬁé%%m%‘{%\9“0 Ql%f%%@?xk%%e that
embodiment of the apparatts according to the invention. The drawing shows
a first sub-unit 6 Wit Betrapd poticdegreat INYRR@PBIN the transport device 1 in
the present embodiment comprises, for example, transport rollers 1.
Furthermore, the second sub-unit 5 is 25 shown, wherejn in the present
emboditficht it is a (R AARTIRBC AR R LRSS ¥ Basb PRyl fystem
cdntrast to this, in thieoekegplareembbadimebbdhecditsifsd puekéG icamtinove
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
carriedd M oneACliisd Hx eviday SRBbORTIBE PisheaRidseh MeBantsdgscribed with
three-dirpppsionaheudess. 30 as desired. -28- In an exemplary embodiment
the movement can be implemented by means of pneumatics with
corresponding compressed-air supply lines 7. However, in principle, any
electribathbydiawligak soeptianicahdfigerto e narate ftrenel abvadeovement] Sor

betweecp tpe first sulf-urlit and the second sub-unit is possible. In this
cntical or Similar elements.

embodiment it

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.



is thus the case that the second sub-unit 5 does not move, whereas the
relative movement between the two sub-units is caused by the first sub-unit
6. In this exemplary embodiment this first sub-unit is shown as a slide on the
linear axis. In order to ensure that the semi-finished textile product is cut to
length, in an exemplary 10 manner two mechanical cutters 2 are shown that
are in place on the first sub-unit. If the sefdi-finished textile product has been
laid in a corresponding length by means of transport rollers 1, and if by
means of the relative movement between the first and the second sub-units
the future middle of the semi-finished textile product has been 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
indivioisinpiseas! bt e o b aeptertiiat srodacmeoxded s antfidual

fibre byncligadRs wARvideRL FeYINGS: daghddually-anship Bntaragied oaniepdiciple,
positions within the cellular material, The uptake device 3 with its gap 14

compriS&< IS EHeHrBI gyl fh g ehARiRRE S RS BIOUGEAES fﬂ%‘ﬁ‘ﬁ&“t
sefi-flrished protisctdamie0tpaceshinstironig s thesitptake tisvichdament it

meanss% %@9%&5& J 4'%@011%5 &l‘o}{"{‘s”aoé:s'%o}m%‘v% ‘%V'Ldeflha%rp‘irﬁ

freely rom the upta evice 3. In the above arrangement it Is partlcu arly
signifieaeiernentthri wegidhe twwelwm@pé gasedipe thi Eryhridntof thi ¢itting

impleragitipths Valai-ichdRREIAlING NG rRItMen 29 RuereRt hetyeen the
first and the second sub-units, as well as the variant for % nerating the

relativ8ibURFAEHE ﬂ&b&%%??‘ﬁféﬂﬁf&l@é%%ﬁé&%ﬁ&‘ RENSVIeFE TpfairREy
edam mmnmamtdmgat@mra@emrtgsmgrmpm mfﬁhleqlreﬂmmdesbnmﬁlotf
are PogSIblG I H1Rh FIRhRYIEN IS TS RN MAVEMENL ARASICER, of
the uptaie evice 3 and th can in this case, for xamﬁl nl%e effected
by thetsigeor edets dnan@iskyrseansé toktheve mak@n@é\h@fevgelrrth%fwéaw

correspeRE- I AsRlative MONRIRERt dahieh: QB 1he WPtaKS le product has been
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.



device moves while the hook (not shown in the diagram) is at rest. 5 By
means of the apparatus according to the invention shown in Fig. 1 the basic
idea of the invention can be implemented. By means of the apparatus
according to the invention a situation can thus be achieved in which
improvement of the mechanical characteristics of cellular materials is
implemented by the fibres, as desired, rathér 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

procesg, 1hg, %‘L%H&Q@&éu"i‘%iﬁé‘?\%é‘éﬂﬁé’aﬁﬁe%rﬁi&%%h %W&E@E’ﬂéﬂﬁ% case,

according to the invention, which apparatus is shown in Fig. 1:

roving®ae s aelnee iEagad uthhdifsJih &y, tpnarer thapaoimyy M theliiiddle
into thg.nredleranRdRRRNtheJpar i theinerdit At et PRHBHVRSAES uptake

automation the individual functions, in the present embodiment in Fig. 1, are
implerBHES QL FoNGWE PR U 1A%HhAIUHRESMBideS Yo sub 20

urfits. The first sub-unit 6, shown as a slide, moves on the base plate 11 by

f ali i in. Jb-unit 5, . -
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hang down freely. In the next step the slide 6 25 moves along the linear axis

by a dFACE FISSIPEGEIBHIn B SRR TSGR By B fhtehasdiesieduipifer
the midelleesidhelgapenftheplipteke dayite Bolendhesovingsigiepasitiondticrto

the holgked ne gl% Spenetrates the substrate and on the substrate bottom
nown ctnodas.

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

example3EPRAMBIHGE M duire R CaR MakeB s IdawWaYS MRYRMART: Hhen

the hook is in the gap, _ o _
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,



-30- the opening points to the side on which the roving was laid. In this
context the term opening refers to an opening of the hook in order to make it
possible at all to place the roving in the hook. For example, this hook can
also be provided by opening an otherwise closed hook. If the small slide then
makes a sideways movement towards 5 the needle, then the roving is placed
into the hook. Before the needle makes ai&verse movement the roving is
cut to length by means of the cutters or the cutting implement 2. The
following Figs 2a to f show various states of the apparatus according to the
10 invention during implementation of the method according to the invention

for manu %ﬂ%%%&eti@gﬁé%% %ﬁL%%h’ﬂ%%@@%sf?zﬁéf"‘ﬁlr%&sucpoﬁtext the term
semi-finished textile product in a hook. Fig. 2a shows a diagrammatic
two-diAfenisid FRiF e B PR Becth Pla AP @mbatieh éhiekeisnensi Bl ghrbitipsplace
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view. The transport device is shown in an exemplary manner as transport
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the semeiftniBtiabletentit eophadisqiiSwdihin tivchopkaBefdevibendedibenglap withirse
the upgake, ' 4. later en volume region in which t oked
el R e
arrang&mERerg: 2a shows the initial situation of the method according to

the invention by means of the apparatus according to the invention. In this
arrangﬂ(rament the arrow 17 shows the direction of the relative movement of
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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



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 -31 gap of the uptake device. By prewinding the
semi-finished product the channel 9 for the semi-finished textile product in
the uptake device 3 is full, and the end of the semi-finished textile product 4
hangs down freely on the left-hand side oftte figure. 5 Fig. 2c shows a
two-dimensional diagrammatic view of the apparatus according to the
invention during the process step in which the relative movement between
the first sub-unit and the second sub-unit has moved to such an extent that

the midd|e th i-finished pr ct is,situated e tly.in.t i f
the geat b fnd R N R R R S P PR TR R or

18 willthrestie-fbrakishiettdonsasiert theépopritakesicithd Wb pidinrsprebiolhtle
produgtninfhishairaRaerpeiiuthe RHwdvn ndigaiasdhedingstionelihge figure.

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
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2 has prepRosHigRac K ihe wialive MRsmant RiRrisely b ehbattheptake
middle of the semi-finished product 20 4 coincides precis_elﬁwith the middle

of the H°14a O 18R B SITR AP dstaRe Bt THE Sehi-orinadt
producttiyhttie hadkiakvenpdigtkibutiinigicithe taktipeodnatdniahivithindt@ent the
cellular material i SosHred: £ig, 24 Ao diagrammaticvr-dimensiondl e
view of the apparatus ag:coram_g to the invention in the mpfementapqr) 0
the méeribel aeeatdifgutiHainpeatiss. Figf 10t dnensthecdils. dherpsesthilty of

the negdigrdSINASIMBESES SIS PRONGHREY, RRRK &t 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



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 -32- shows this gap including the
needle with the hook 15 and 16 as well as'the uptake device 3b in cross
section. Likewise, the right-hand part of the figure shows the semi-finished
textile product in cross section 4a. In this situation, in which the needle has
made a hole through the cellular material situated above it, and for the
purpo f E has.en rcefg ft Vi ee‘ég 5
it T T A SIS ol MR

a resuflesica ubsegerersetialative sy dp aghtihanthemisidhediebe phasedhin
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apparatus according to 10 the invention on the left-hand side, and the cross

sectio ST g5 gtk o ldoramess i truciretrbRanY aRbion B aurpose of
arfangemeatihedefttanrcdside ghowsthakasa theauttltf theviglai/Book 16 is

f N ' ' he h h |
s R A R e
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hook calttakapraeeEniihidefraisgemeneldsediptdRaeselice 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 T&ddis %ﬂ?ﬁ%"tﬁ&@%ﬁ\%&e ST PR Brebiie ARRSFANS RESHOWR ©
incroshesactintyitive seriiffimabadletextlhenatesisddsopretsediptol the paring
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the hogi,bheR-BdnsamnaiekHae, ¢iltess ABEIQURE RINBSe Bk iRiBRSEedle or

textile product can be cut to Ien%tlh. Thereafter the needle can make a_
reversd 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



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 -33- initial situation after withdrawal of the needle. Thereafter, the
first step, according to the invention, of the method can be repeated after the

position; h thie, 1%£e£é?ért&iE%r£%‘ﬁf8fﬁ$ed Q@cﬁeb%ﬁ%‘r%?ﬁ?%g inof 833 0MR Ao
diagrammatic three-dimensional view of the metho according to the '
inventibp iatediemgitdeectiod srathe seededintetchnaosilentbhomgieris) s

accorgingria-thedo veatiomnlge his arrangement, in seven successive images,
individual steps are shown, viewed from the top of the cellular material. The

needle 15 is shown, which is still at the top of the cellular material. The
cdllulaFimatehiad 19 dlp ismectangudardimshapebvicws fatberkehnibaced diitht@ the
semi-finj textile.pro determi logation -flgure 4 shows
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exits at the top of the cellular material. The subsequent sub 15 fi‘%ure 5 shows
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materidieiecthieepaieanell Y dwanervichdenw A ed theseendls: g thia the RS
enlargemanteafiile sedwai mateniatidiShed 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



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 suﬁ‘borting 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
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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
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in Fig. 5b essentially corresponds to that shown in Fig. | _ )
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.
Sa, 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



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 th|§ﬁap 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
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incorporated, is designated 606. -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 axi€ 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 I_—look on the needleL}sz g}irgpet}%chfcm% argléa},tsive movement of the
first sub-unit relative to the se - le of the gap 14 19
Cellular material 20 Chopped semi-finished textile product after being fed
through the agliabrt 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
Second sub-unit
First sub-unit

5
6
7 Connections for the control system
8 Drive mechanism

9

15 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



material 30 21 Scissors for manual cutting of the semi-finished textile product
-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 f%%ﬁﬁ@'réé@%ﬁ%ce%ocﬁ' BN ARt Al RYSIem. &4 [iggdle bar drive
605 Sggply lines for bottom drive

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



606 Region for placing the material to be reinforced 25 607 Bar of the needle
bar drive -38- Claims 1. Apparatus for manufacturing a reinforced cellular
material and for taking up a 5 semi-finished textile product in a hook, with the
apparatus comprising 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 semi-finished textﬁ% Pproduct into the uptake device;
wherein the first sub-unit and the second sub-unit are equipped such that as
aresult 10 of a relative movement of the first sub-unit relative to the second
sub-unit the semi- finished textile 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 productAaiiB slaced in the hook. 15 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 bgl cut t&&%éﬁm%@{éﬂﬂiﬁgaﬁﬁ‘fgl%rélﬁ CFRATE BrCHHRS! dd i e up 2

cuttingémpfarsbat isxattagloddctarthédirist \sub{ha Hppdralise @appasaitls hisasub-unit
one of ffie preceding, QAINS, V‘ﬁﬁ‘%%'fs‘&%ﬁgﬁ B’ rﬁtl%v ided onadipeked

needle. 25 5. The apparatus o any one o prece ing claims, further

comprvsliﬁg%mﬁh@umamr@#wecma%neegéﬁé@awm'threwm@%wﬁéxw%pmduct
relative, i axerpeRtSdevice;

wherein the first sub-unit and the second sub-unit are equipped such that as a result
10 of arelative movement of the first sub-unit relative to the second sub-unit the semi-
finished textile 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.
15
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.

20 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.
25
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

30  further comprising:



6. The apparatus of any one of the preceding claims, with the uptake device
30 further comprising: -39- a vertical gap; wherein the vertical gap is
equipped such that the hook can be inserted into the gap; and wherein the
relative movement of the first sub-unit relative to the second sub-unit 5 can
be implemented such that after this relative movement has been carried out
the middle of the semi-finished textile pro%ﬁjct is located in the middle of the
gap. 7. The apparatus of any one of the preceding claims, wherein the
transport device comprises at least one transport roller. 10 8. A system for
manufacturing reinforced cellular materials, which system comprises a
bottonlg tia) %X tem and a top partial system, wherein the cellular material
to be reinforced can be placed between the two partial systems, 15 wherein
the bottBerepeiittarsiistb st sraptisralappiarbatibabedisigbto sy satothpgap;
preceding claims; and wherein the top partial system comprises a needle bar

drive. 9. The ?ﬁ/stem of claim 8, with the sgstem further comﬁélsmg 20 a

transpBPERECREASH o PRUERY G LS LRI R s SRR forstit
whereinhe ingnispentahechahisafis desighadesucihrethaitthe heaberiali@houbehe
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system o e preceding clal or 9, with the system further 25
comprising: a computer unit for controlling the apparatus according to the

invention, theEapspits of any one of the preceding claims,

wherein the transport device comprises at least one transport roller.

10
8. A system for manufacturing reinforced cellular materials, which system
comprises a bottom partial system and a top partial system,
wherein the cellular material to be reinforced can be placed between the two partial
systems,

15  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:
20  atransport 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
25  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

30 reinforcing materials, wherein the method comprises the following steps:



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 30
reinforcing materials, wherein the method comprises the following steps: -40-
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 mat&fial to be reinforced: placing the
semi-finished material in the hook; and 5 withdrawing the hook while at the
same time positioning the semi-finished product in the material to be
reinforced. 12. The method of claim 11, additionally comprising the following

tep: releasi I-fin| textil . '
oo o B A e o e s

by meBPrtonEE theimy Jdp e e neiatindnen eredpnsi-finihlogatésaird wrbdeict at a

defineghdengithiat theatiom: face efithe,matsrialde be reinforced. 15 14. The
method of anféone of claims 11 to 13, wherein the hook is situated on a

hookeB #asiRe sty HinsPsthtAs La An HARME PiDduct is placed in the hook
bys meaithdhwingldidvieonewdmenhofdne senpdiiishac diostot-falativée todnet

hookeg1 ﬂ%er?{%‘%eéa? t%SdeTrQl%f:(ggégpd of any one of claimslll to 14, 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
12. The method of claim 11, additionally comprising the following step:

releasing the semi-finished textile product from the hook.
10
13.  The method of one of claims 11 or 12, additionally comprising the following
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.
15
14. The method of any one of claims 11 to 13,
wherein the hook is situated on a hooked needle; and
wherein 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.
20
15. The method of any one of claims 11 to 14,
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.
25
16. The method of any one of claims 11 to 15,
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.

30



textile product. 25 16. The method of any one of claims 11 to 15, 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. 30 -41-
17. The method of any one of claims 11 to 16, wherein the material is a
cellular material. 18. The use of a reinforced cellular material in an aircraft,
wherein the cellular 5 material is manufaétbred with the apparatus according
to the invention, the system according to the invention, or the method
according to the invention. 19. An aircraft comprising a reinforced cellular
material, which cellular material is manufactured with the apparatus

according toﬂég rﬁ%\ﬁ? 'S’Pa hg VAU RETe s gilpg’ 10 to the invention, or the

method according to the in entlon
wherein the material is a cellular material.

18. The use of a reinforced cellular material in an aircraft, wherein the cellular
5 material is manufactured with the apparatus according to the invention, the system

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

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

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





