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Preface

The 6th ECCOMAS Thematic Conference on the Mechanical Response of Composites, known as Com-
posites2017, was held in Eindhoven, The Netherlands, on September 20-22, 2017. This three-day event
attracted 120 delegates, from 20 countries, with 91 presentations over 19 sessions. This book contains the
proceedings submitted by a number of authors.

Previous editions of this conference series were held in Porto (Portugal), London (UK), Hannover
(Germany), Ponta Delgada (Portugal) and Bristol (UK) in 2007, 2009, 2011, 2013 and 2015 respectively.
Over the years, this series of thematic conferences has become well-established in the Composites Ma-
terials community, with a signi�cant number of participants having attended the majority of previous
editions of this conference. The conference series covers the scienti�c investigation of complex mechan-
ical behaviour of composite materials and structures. It focuses on theoretical and numerical modelling
and prediction of the performance of composite components, also covering experimental validation and
challenging industrial applications or recent developments.

In this sixth edition plenary lectures were given by Dr. Tong Earn Tay (National University of Singa-
pore), Dr. Michel Fouinneteau (Airbus Operations SAS) and Dr. Pedro Camanho (University of Porto).
The sessions at the event covered a wide range of topics, including Novel Numerical Techniques, Multi-
Scale Modelling, Hybrid and Multi-Functional Composites, Textiles, Structures, Testing, Impact, Fatigue,
Probabilistic methods, Design, Optimisation, Dynamic e�ects, Delamination and Matrix Cracking.

We would like to thank our local organising team, in particular Alice van Litsenburg, Jim Schormans
and Rachel van Outvorst for their e�orts in organising the conference and preparing these proceedings.
We would also like to thank the European Community on Computational Methods in Applied Science
and Engineering (ECCOMAS) for their support to the conferences and the Research Centre Fluid & Solid
Mechanics of the Dutch 4TU federation for the �nancial support. Our gratitude goes to the members of
the scienti�c committee for their help in reviewing the abstracts. Finally, we thank the keynote speakers
and all the participants for their contributions and fruitful interactions during the conference. The next
edition in this conference series will be hosted by the Universitat de Girona, Spain, in September 2019
(http://amade.udg.edu/composites2019 ).

Eindhoven, September 2017 Joris Remmers
Albert Turon

Conference chairs
Composites 2017
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Summary:  A closed-form analytical solution of an axially harmonically loaded composite 
single lap joint with viscoelastic adhesive behavior is established. The model is based on an 
improved shear-lag model. The structure is fixed-free and made from two identical 
substrates. The whole structure was considered in the formulation; not only the bonded 
region. The model was numerically validated using Finite Element Method (FEM) through 
ANSYS workbench commercial software. For comparative purpose, two useful configurations 
of Carbon/Epoxy composite substrates were examined: a completely 0° fibers unidirectional 
(UD) and a balanced symmetric quasi isotropic (QI) configuration [0/90/-45/+45]S

1 INTRODUCTION 

. It was 
found that, for all adhesive parameters’ variation, the resonant frequencies for UD case were 
1.6 times higher than those of QI case. Moreover, for fundamental frequency, QI structure 
was more sensitive towards adhesive damping than UD case and has shown remarkable drop 
in displacement at resonance while the inverse was found for the third natural frequency. For 
both substrates cases, no sensitivity of natural frequencies was found towards adhesive shear 
modulus and joint thickness. However, the overlap ratio was the main parameter influencing 
the natural frequencies of such structures. 

Adhesively bonding is imposing itself as one of the most used joining methods recently due 
to the light weight of the assembly and the repartition of stresses along the entire bonded 
surface and not only at few points of the structure. In addition, this method looks to be one of 
the best to assemble composites since it is known that disruptions, such as drilling or 
machining, will lead undoubtedly to a decrease in mechanical performance of composites. 
However, mechanically speaking, such structures show high complexity to be investigated. 
Huge efforts were made since many decades to study bonded assemblies. The majority of the 
studies were carried out for static loadings. However, dynamic loading studies were much 
less than static ones, especially in analytical calculations. Saito and Tani [1] have established 
analytical model for free transverse vibration of single lap bonded beams for fixed-free and 
fixed-fixed cases. He and Rao [2, 3] have applied energy formulation to determine natural 
frequencies, loss factors and mode shapes for a simply supported single lap beams. The same 
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Figure 3: Numerical model and mesh of the bonded joint 

numerical simulation and the transfer function predicted by the analytical model. A good 
agreement between both curves could be deduced, especially towards a high accuracy for 
natural frequencies evaluation. It should be noticed that the few oscillations observed in 
the numerical model could be explained by the fact that in reality deformations are not 
only occurring in the axial direction although the dominant displacement is always in this 
direction, this aspect is not taken in account in the analytical model. On the other hand, 
and as stated in [18], the substrates stiffness to adhesive stiffness ratio is high for 
Aluminum; also this is valid for composite cases which constitute the target of this study; 
this condition contributes in the accuracy between the two models. 

Figure 4: Numerical validation of the analytical transfer function 

4 RESULTS AND DISCUSSIONS 

The main concern in this section is to apply the established analytical model for a 
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Figure 7c: Influence of damping factor on mode 3 

Figure 8: Influence of adhesive shear modulus on resonant frequencies 

Finally, a very important parameter related to the adhesive should be examined towards 
resonant frequencies: it is the overlap ratio, which defines the percentage of bonded 
length among the total length of the substrate. Mathematically, it is the ratio of the 
overlap length la over the total length a+la

It should be noticed that although many parameters were changed, it could be remarked 
that the frequencies of UD case remain always 1.6 times greater than those of QI case for 

 of the substrate. The results are depicted in 
figure 10 that shows a remarkable influence of this parameter on the resonant frequencies 
for both UD and QI configurations. Indeed, by increasing the bonded zone, the adherence 
between different components in the structure increases and hence the overall stiffness 
increases which leads to an increase in the resonant frequencies. This increase could 
reach the 45% between overlap ratios of 20% to 80%. 
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any mode and any changed parameter. 

Figure 9: Influence of adhesive thickness on resonant frequencies 

Figure 10: Influence of overlap ratio on resonant frequencies 

5 CONCLUSION 

A closed-form analytical model based on improved shear lag model was established for a 
fixed-free single lap joint under axial harmonic load. This model was validated through 
finite element model by simulation. Two types of composite substrates were compared: 
UD carbon/epoxy and a balanced symmetric quasi-isotropic carbon/epoxy composite; the 
first has greater longitudinal Young’s modulus while the second has highest shear 
modulus. It was found that Young’s modulus has the highest influence since the resonant 
frequencies were greater by 1.6 times for UD case. 
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Moreover, many adhesive parameters were investigated: the amount of damping show 
high sensitivity of QI at fundamental frequency towards displacement drop while the 
sensitivity of UD was highly remarkable for higher frequencies. The resonant frequencies 
were insensitive towards adhesive shear modulus and adhesive thickness while the 
overlap ratio and the resonant frequencies vary in same way and the increment could 
reach 45% between small and high overlap ratios. 
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Summary: Nonlinear Finite Element Method simulations of the delamination in fabric lam-
inates with complex topology are carried out where material and interface nonlinearities are
taken into account. A multi-scale embedding approach is presented which is capable to capture
the nonlinear mechanisms while the computational effort is kept relatively low. The approach is
used to simulate the response of Double Cantilever Beam tests and three point End Notch Flex-
ure tests. Delamination is evaluated in terms of nonlinear load displacement curves, critical
energy release rates, and dissipated energies. Besides the global response, local effects are in-
vestigated and the localized patterns of various nonlinear mechanisms are predicted. This way,
detailed insight to the global delamination behavior as well as the locally involved mechanisms
is obtained quantitatively.
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1. INTRODUCTION

Composite laminates are widely used in many applications due to their exceptional mechan-
ical properties. Recent developments in the experimental characterization and computational
simulation of composite materials lead to improved performance of complex structures with
respect to their load carrying capacity. In order to exploit the full potential of such laminates,
it is necessary to develop and improve modeling approaches and computational methods which
are capable of predicting their nonlinear mechanical behavior under various load cases. This
is especially true for fabric laminates, which exhibit complex hierarchical structures and their
response is determined by the interaction of constituents at various length scales.

Beyond the elastic behavior, all laminates without any reinforcement in the thickness direc-
tion are prone to interlaminar fracture or delamination which leads to signi�cant degradation
of stiffness and strength of the laminate. Finite Element Method (FEM) simulations of damage
and failure in laminates require considerable computational power, in particular when material
and interface nonlinearities are to be taken into account at high resolution. Conventional mod-
eling strategies make use of continuum �nite elements for ply constituents and zero-thickness
interfaces which are applied between them. Such an approach has its limitations when it comes
to modeling fabric topologies on a larger scale, where the number of degrees of freedom (DOF)
quickly rises above a manageable number with respect to the computational effort.

To overcome the computational requirements of conventional three-dimensional continuum
element modeling, a multi-scale embedding approach is developed here. It is based on shell
element formulation, which is suf�ciently detailed to capture the nonlinear mechanisms at the
interfaces of fabric laminates. At the same time the computational effort is kept small enough to
be handled by standard computer hardware. The multi-scale embedding approach is employed
to predict the delamination process in multilayer fabric laminates. Simulations of the three
point End Notched Flexure (ENF) and Double Cantilever Beam (DCB) test setups, following
the standards DIN EN 6034 and 6033, respectively, are realized using the commercial FEM
package Abaqus/Standard 2016 (Dassault SystŁmes Simulia Corp., Providence, RI, USA).

2. MODELING APPROACH

The proposed modeling for laminates with layers of reinforcing fabric follows an multi-
scale embedding approach. Microstructure with a detailed representation of the constituents in
a fabric composite is embedded in a conventional shell model of the laminate at the region of
interest. For the purposes of de�ning the microstructure, a laminate can be considered at four
hierarchal length scales, as illustrated in Fig. 1.

The smallest is the tow level at which the impregnated unidirectional (UD) �ber bundles are
described by a transversely isotropic constitutive law. At ply level the weaving pattern of tows
embedded in the matrix is modeled by shell elements only. Also the regions of unreinforced
matrix, i.e. matrix pockets, are discretized by shell elements with corresponding thicknesses.
Figure 2 illustrates how the fabric composite is being assembled at ply level. At the regions
where tows overlay each other they are coupled with cohesive zone elements. The laminate

jim
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laminate level ply level tow level

component level

Figure 1. Highly resolved fabric embedding shell model with corresponding length scales.

Tows

Matrix
pockets

xy

z

Figure 2. 3D illustration of the shell element based modeling at the ply level. The fabric
composite (top) is disassembled into tows (left) and matrix (right) reference planes for a 2/2

Twill weave pattern [2].

level is modeled by stacking a number of such plies with cohesive zone element in-between
to model the interfaces and to enable delamination. Individual plies are stacked without any
horizontal shifting, which is referred to as the in-phase stacking. To this end, the entire fabric
microstructure is resolved, for more details see [1].

At component level this highly detailed representation is embedded in a conventional shell
model of the laminate. For the latter, the linear elastic properties are obtained by homogeniza-
tion of the above laminate scale model in a unit cell approach [2]. Hence, the correspond-
ing shell reference planes of the conventional model are referred to as the homogenized shells
throughout this paper. The embedding of the microstructure is accomplished with node-to-
surface and surface-to-surface kinematic tie constrains. Consequently, the position, number,
and element mesh density of homogenized shells must be chosen accordingly for each applica-
tion this approach is employed. This way, the effects of the embedding on the stress distribution
within the microstructure can be minimized. With such approach, the nonlinear mechanisms
are restricted to the microstructure only, while the surrounding homogenized shell model of the
laminate enables the global response at lower computational costs.

jim
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2.1 EXAMPLE APPLICATIONS

DCB and ENF simulations of a laminate comprising six layers of fabric plies in total are
considered in order to demonstrate the present multi-scale approach. Two different multi-scale
models of the laminate are set up. They embed a microstructure with two and four layers of
fabric plies which have one and three cohesive zone interfaces in between, respectively. They
are referred to as the EMB2 and the EMB4 model. The Fig. 3 illustrates the embedding of the
microstructure in the EMB4 model. Note that the arrangement of homogenized shells depends
on the number of plies in the microstructure. In both models the initial delamination reaches
into the microstructure to avoid perturbation effects from the embedding. In addition to the em-
bedded models, a simple reference model is set up as conventional shell model of the laminate
and homogenized materials properties. More details about these models can be found in [3].

Material. The material data used for the purposes of this work represent a carbon/epoxy com-
posite with 2/2 twill weave �ber architecture. The corresponding properties of each constituent
in the model can be found in Table 1. The tows are modeled as linear elastic, transversely
isotropic, whereas the unreinforced matrix pockets are represented by linear elastic, isotropic
material. The cohesive zone elements representing the interface between individual plies in-
clude a bilinear traction separation law with quadratic nominal stress damage initiation criterion
and energy based damage evolution. In Table 1, ti;max are the interface strength values, GiC are
the critical energy release rates and Ki denote the initial linear elastic interface stiffness. The
indices I, II and III denote the three modes of delamination, i.e. opening, sliding, and tear-
ing mode. The mixed-mode response is prescribed with the Benzeggagh-Kenane criterion [4],
where the parameter � is de�ned. Note that the cohesive zone elements coupling overlaying
tows in the plies have linear elastic properties, thus only interface stiffness, Ki, is applied to
them.

x

z

Homogenized shells
Cohesive interface

Microstructure edge

Initial delamination
Node-to-surface tie
Surface-to-surface tie

Figure 3. Sketch of a cross section of the EMB4 model indicating the homogenized shell refer-
ence planes and embedding of the four layer microstructure. Shell thickness are illustrated by

hatched areas, circles represent featured edges (not nodes). Figure not to scale.
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Geometry and boundary conditions. The laminate’s geometry is de�ned in such way that it
enables a straightforward embedding of the textile microstructure. It is placed around the initial
delamination front as shown in Figs. 4 and 5, where the load and boundary conditions are also
illustrated, following the scheme of the ENF and DCB test setups. Note that the initial crack
length, a0, is longer in the models for the ENF simulation compared to the DCB simulation to
ensure a stable crack growth [5]. In the ENF test simulations, frictionless contact formulation
with penalty stiffness is applied between the surfaces of delaminated plies.

Table 1. Material properties of the carbon/epoxy 2/2 twill weave composite and its constituents.

Tows Homogenized ply
E1 (MPa) 142176.97 Eh

1 = Eh
2 (MPa) 56589.32

E2 (MPa) 13819.56 Gh
12 = Gh

13 = Gh
23 (MPa) 4185.86

G12 = G13 = G23 (MPa) 6251.81 �h
12 0.045

�12 0.23 Ply interface
Matrix tI;max (MPa) 60
EMatrix (MPa) 3250 tII;max = tIII;max (MPa) 79.289
�Matrix 0.37 KI = KII = KIII (N/mm3) 105

Tow interface stiffness GIc (N/mm) 0.9
KI = KII = KIII (N/mm3) 105 GIIc = GIIIc (N/mm) 2.0

� 2

1

2

3

a�=53,63mm

L�=150mm

B=19,68mm

2h=2,53mm

P(� II)

L=75mm

l=19,68mm

3,63mm
u1�0; u 2=u3=0

Figure 4. Geometry and boundary conditions of the models used in the ENF simulations.

L=150mm

1

2

3

B=19,68mm

l=19,68mm

3,63mm

a�=38,63mm

2h=2,53mm

P(� I)
u1=0; u2=0

Figure 5. Geometry and boundary conditions of the models used in the DCB simulations.
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3. RESULTS AND DISCUSSION

First, the results from the ENF simulations are compared for the reference, EMB2, and
EMB4 models. Their global response is evaluated in terms of load displacement curves. Ad-
ditionally to the numerical predictions, an analytical solution is given by the Corrected Beam
Theory (CBT) [6] for the corresponding interface and homogenized material properties. The
main focus of investigation is the nonlinear response during delamination. For this reason,
relation between average crack length and central displacement are examined in details. The
average crack length is evaluated by means of counting the completely damaged cohesive zone
elements in the interface and thus gives an averaged value over the width of the laminate. Any
attributes of a crack, e.g. length, growth or propagation, discussed in this work relate to the nu-
merical representation of a crack explained above. The average crack length is than correlated
with the propagation of the fracture process zone through the interface. The fracture process
zone refers to the cohesive zone elements exhibiting softening behavior. This way, a detailed
insight to the locally involved mechanisms is obtained. Finally, delamination is evaluated in
terms of energy release rates and dissipated energies. Simulation results from the DCB test
setup are evaluated in the same way, however, for the sake of brevity only load displacement
curves are presented in this paper.

Displacement controlled nonlinear FEM analysis of delamination in the present multi-scale
models require stabilization control in order to achieve converging solutions. For this purpose,
viscous regularization in the constitutive law of the cohesive zone interfaces is applied with a
relaxation time of 10�6 s.

ENF simulations. Load displacement curves of the ENF simulations are shown in Fig. 6.
The enlarged view in the �gure shows the response during delamination, where the embedded
models exhibit highly non-linear behavior. This implies that delamination process in fabric
laminates is not a steady state phenomenon, as the reaction force decreases in a quasi step-wise
manner.

The average crack length in relation to the central displacement is presented on Fig. 7 for
all models. The enlarged view in this �gure shows a typical quasi step in the crack propagation
with annotation points at signi�cant transitions in the response. These points are correlated to
Fig. 8, where the fracture process zone is presented at the middle interface of the EMB4 model.
The integration points in cohesive zone elements are evaluated with respect to the damage ini-
tiation criterion, i.e. the quadratic nominal stress criterion. Completely damaged cohesive zone
elements are hidden in order to illustrate the crack front. Note that on the crack front the inte-
gration points are already completely degraded.

The fracture process zone develops with a high dependency on the reinforcement topology
adjacent to this interface. This is clearly shown by shape of the damage initiation front through
the width on Fig. 8. At the interface which is coupled to the matrix pockets oriented in the
direction of delamination progress, the damage initiates with a noticeable delay. At ply level,
the local stiffness changes throughout the ply. The matrix pockets have signi�cantly smaller
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Figure 6. Load displacement curves of the ENF simulations for the reference, EMB2, and
EMB4 model, respectively, and the analytical solution give by CBT.

stiffness compared to the tows due to their absence of reinforcement phase. Consequently, the
matrix pockets deform more compared to the surrounding reinforced structure. On a laminate
level this means that a smaller share of the external energy is invested into deforming the inter-
faces coupled to these regions.

The same local mechanism also governs the propagation of the fracture process zone through
the interface. Examining the correlation between the average crack length at the notation points
in Fig. 7 and the fracture process zone sequence in Fig. 8 gives a reasonable interpretation. At
point (a) the crack front is, in average, at the edge of matrix pockets which are oriented par-
allel to the crack front. From point (a) to point (b) there is a relatively small crack extension,
see Fig. 7. In this phase the crack propagates though the area of matrix pockets. At point (b)
the crack front reaches an area, which is reinforced through the whole width of the laminate.
Here the local stiffness in adjacent plies increases and consequently the crack propagates faster
until point (c), where the damage initiation front again reaches the area with parallel aligned
matrix pockets. There the delamination process is slowed down again. This process is repeated
through the interface as shown in Fig. 7. Note that at crack lengths above 65mm the fracture
process zone in the multi-scale models gets close to the edge of the middle interface in the
microstructure and results are no longer reliable.

Figures 6 and 7 also show, that delamination onset in the EMB4 model is predicted at lower
central displacement compared to the EMB2 and the reference model. Note that the initial
crack front in the embedded models is placed at the region which is reinforced throughout the
whole width of the laminate. In the EMB4 model, where four layer of fabric are modeled in
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Figure 7. Average crack length in relation to the central displacement. The notations in the
enlarged view (right �gure) are correlated with the Fig. 8.

the microstructure, the local stiffness at this region is higher compared to the same region in the
EMB2 model, hence the critical energy release rate in the interface is reached at lower central
displacement compared to the other models.

In the EMB4 model, the in�uence of delamination in the middle interface on the damage
process in the adjacent ones can be investigated. Figure 9 shows the localized fracture process
zones that are predicted in both adjacent interfaces. From the damage initiation criterion in
both interfaces it can be seen that the damage initiates at locations, where the individual inter-
face is coupled to matrix pockets from both sides. The elements at these regions exhibit some
softening, however the stiffness degradation remains small at these integration points, see dam-
age evolution criterion in Fig. 9. Therefore no crack openings or signi�cant damage in these
interfaces are predicted by the present model.

The Fig. 10 (a) shows the comparison of the models in terms of energy release rates during
delamination. The simulation results are evaluated by employing CBT. First note that this eval-
uation is based on a simpli�ed laminate model and thus only gives approximate values for the
multi-scale models. Annotation points are correlated with previous �gures. Between points (b)
and (c) the evaluated energy release rate has a slight negative slope (@ G

@ a < 0) which indicates
an unstable crack growth. In fact, here is the crack propagating the fastest with respect to the
central displacement, see Fig. 7. The difference to the critical energy release rate, GIIc , is due
to the evaluation approach of the CBT. Figure 10 (b) shows the dissipated energy from FEM
predictions due to damage for the whole model, denoted to as ALLDMD. The critical value is
marked with a dashed line. The slope of the curves represent the energy release rate. The dif-
ference between the ALLDMD energy output and energy evaluated by CBT lies in the fracture
process zone, where the partly damaged integration point contribute to the dissipated energy but
are not included in the CBT evaluation.
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(a) (b) (c)

t
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�G�Ge

max

0

Damage initiation:
QUADSCRT

Figure 8. Fracture process zone sequence in the EMB4 model during the ENF simulation. Sub-
�gures are correlated with the notation in Fig. 7. Damage initiation variable QUADSCRT is
shown on the cohesive zone elements, see bilinear traction separation law on the right. Com-
pletely damaged elements are hidden. The weaving pattern of ply below the interface is illus-

trated with outlined rectangles.

Top interface: Bottom interface:

t
t

�G�Ge
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0

Damage initiation:
QUADSCRT

t
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�G�Ge
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0

quads

Damage evolution:
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Figure 9. Damage initiation and onset in the top and bottom interfaces of the EMB4 models.
The average crack front in the middle interface is at point (c) which is illustrated with a dashed

line, see Fig. 7. Delaminated interface is left of the line.
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Figure 10. Dissipated energy during ENF simulations. The left �gure shows the energy release
rates during delamination evaluated by CBT. In the right �gure, the dissipated energy due to
damage in the whole model is compared to the CBT evaluation. Dashed lines illustrate the

de�ned critical energy release rate in the cohesive interfaces.

DCB simulations. Figure 11 shows the load-displacement curves for the DCB simulations
of the EMB2 model. The difference in the response prior to delamination onset is due to the
formulation of the fracture process zone, where the cohesive interface is being deformed and
thus the global stiffness of the laminate is gradually decreasing to the point of delamination
onset. The delamination process is evaluated with the same approach as in the ENF simulations.
The fracture process zone is, in average, smaller due to the lower critical energy release rate
for mode I, however the delamination process is in�uenced by the same local mechanisms as
predicted and evaluated in the ENF simulation.

4. CONCLUSIONS

A multi-scale embedding modeling based on a shell element formulation is applied to model
multilayer fabric laminates and to predict their nonlinear response during standard delamination
test setups. Exceeding the global response, local effects in the microstructure are taken into
account and localized patterns of the various nonlinear mechanisms are predicted. The response
is also evaluated in terms of dissipated energies attributed to these local mechanisms which
eventually determine the overall dissipation. The development and propagation of the fracture
process zone in the interface show a clear dependence on the topology of plies adjacent to it.
Moreover, effects of delamination in one of the interfaces on damage in the adjacent ones are
predicted. Therefore, the approach proves itself as being numerically ef�cient and it enables
detailed insight to the nonlinear behavior fabric laminates exhibit during delamination.

jim
22



Tilen Ceglar, Martin Schwab, Heinz E. Pettermann

0 2 4 6 8 10 12 14 16

Tip displacement ± I  [mm]

0

10

20

30

40

50

F
or

ce
 P

 [N
]

Analytical (CBT)

Reference model

EMB2 model

10.5 11.0 11.5 12.0 12.5 13.0 13.5 14.0
38

39

40

41

42

43

44

45

46

Figure 11. Load displacement curve for the DCB simulation. The enlarged view shows the
nonlinear response during delamination.
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Summary 

This paper deals with the development of a new high-performance fiber (carbon or glass) 
processing technology called D-3F. There are well-known textile technologies for the 
production of profiles or covered tubular cores in order to increase their radial stiffness, like 
composite winding. The main disadvantage of wound preforms is the limitation in stability of 
the single windings, caused by missing interlacements. An advantage might be the fiber 
deflections and the resulting directed mechanical properties in these preforms. On the other 
hand, it is impossible to cover profiles with changing diameters and resulting local angles 
higher than the friction angle of the current materials. These forming profiles are often 
covered by the more suitable braiding technology. Braided structures can be produced stably 
based on proper interlacement between the two or three thread systems inside.  

In fact, the braiding technology has its limitations concerning the productivity. The 
interlacement of the thread, which stabilizes the structure from one side, is the reason for 
broken filaments as a result of the deflection of the threads from the other side. The number 
of broken filaments is proportionally increasing with the speed of the braiding process. In 
order to combine the advantages of both composites winding and braiding into a new 
productive and fiber-friendly technology, a new machine concept was developed and 
patented. This work presents its advantages and disadvantages and gives examples of 
calculations about the properties of the structures based on the method of inclusions.  
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properties of a component. The main disadvantage of wound preforms is the limitation in 
stability of the single windings caused by missing interlacements. The draping and handling 
of wound preforms is therefore only ensured to a limited extent, since the individual layers 
tend to slip. Regarding the fiber deflections and the resulting mechanical properties in these 
preforms that may be an advantage. On the other hand, it is impossible to cover profiles with 
changing diameters and in the same local angles higher than the friction angle of the current 
materials. 

Basically, only comparatively short and easy-to-handle bodies can be wound. There are a 
number of different methods for circumferential or cross-winding with rotating or stationary 
cores, a well-known example is the production of high-pressure tanks [5]. To increase the 
productivity, wide taps or even a series of laying heads can be used. The main problem is the 
mentioned slipping of the layers, which occurs from a critical angle with changes in the 
cross-section. This geodetic angle is dependent on the prevailing friction conditions, the 
selected thread tension and the entire profile geometry. For a more detailed look at the 
winding process, please refer to the relevant technical literature at this point. [2, 3, 4] 

Forming cores with cross-section changes are often covered by the more suitable braiding 
technology. Braided or weaving-like structures can be produced stable based on proper 
interlacement between the two or three thread systems inside. Weaving-like structures 
essentially include the tissues and braids. In theory, they are also defined by a concrete 
number of layers. In contrast to the pure windings, these layers are interconnected by 
crossings (interlacements). These interlacements are the reason for significantly higher fiber 
deflections. With these deflections, proportionally decreasing mechanical properties with 
simultaneously good resistance to damage are to be expected due to potential fiber stretching 
and easy handling. Above all, the slipping can be largely avoided, but not completely 
eliminated, with the corresponding configuration of the braiding parameters. The advantage 
of a braided structure is relative shape stability even without a core. [6] 

In particular, the braiding process offers excellent conditions for the gentle processing of 
high-performance fibers and for the economical serial production of load-bearing semi-
finished fiber products or final-contoured preforms. The comparatively high fiber deposits of 
the braiding technique are ideally combined by the layer-wise overlapping of forming cores 
with a simultaneously large production repertoire for geometrically flexible design. For the 
realization of a reproducible and force-oriented fiber orientation, three thread systems are 
usually processed into a triaxial UD braid. [7] 

Main port of conventional production processes are circular or radial braiding machines, 
based on the maypole system with mechanically forcible laying of threads. In fact, braiding 
has its limitation concerning the productivity. The interlacement of the threads, which is 
stabilized by the structure from one side, is the result for broken filaments. The number of 
broken filaments is proportionally increasing with the speed of the braiding process. [8] 

Rotary braiding machines – especially lever arm braiding machines in accord with the system 
"Horn" – are not used. The advantage of the system "Horn" as opposed to the maypole 
system, is the constant tangential bobbin arrangement in combination with the characteristic 
laying of the threads as well as the accompanying fiber friendly and position-parallel 
processing of the braiding material. At the same time, the increased braiding speed, due to the 
machine concept with the opposite rotational movement of two rotors, is an enormous 
advantage for economical serial production [9]. 
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