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Abstract: The automated handling of non-crimp fabrics using pick-and-place processes will
subject the fabrics to forces due to e.g. gravity and movement. These forces can result in
undesired fiber angle deviations. The current work looks at predicting and preventing in-plane
shear induced fiber angle deviations by studying the positioning of pick-up points. Experimental
work shows that the layers of non-crimp fabrics should be expected to deform as individual layers
unless they are fixed using an external mechanism. This is to be taken into account when
choosing the gripping mechanism for the pick-up points to avoid unexpected behavior. The
experimental work is also used for the preliminary validation of a numerical model based on
deflections. Results from the current work are a basis for further research on the influence of
pick-up point location on the fibre angle deviations in non-crimp fabrics.
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1. Introduction

For pick-and-place processes to become widely implemented in industry a consistent product
quality needs to be achieved. One important quality criterion is the fiber angle deviations in the
reinforcement. Handling a reinforcement will subject it to forces due to e.g. gravity and
movement. These forces can result in in-plane shear and subsequently in fiber angle deviations.

In the state of the art the positioning of individual pick-up points is typically either not discussed
or is based on the mold where the fabric is to be draped on — not on the effect of the handling
on the fabric. In the work where the positioning of pick-up points is studied the positioning is
based on the deflection of the fabric or the minimization of strain energy, e.g. [1-4]. These
parameters do however not give a clear indication of the influence of pick-up point location on
the quality of the reinforcement.

This work is a step towards predicting and preventing in-plane shear induced fiber angle
deviations by studying the positioning of pick-up points. Finite Element Simulations validated
through experimental work will be used to study the influence of pick-up point location on the
in-plane shear strain for a bi-axial Non Crimp Fabric [NCF]. In de Zeeuw et al. [5] tolerances have
been set for the fiber angle deviations, additionally the relationship between in-plane shear
strain and fiber angle deviations has been demonstrated for the NCF used in the current and
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future work. The results from the current work will be used in future work to validate the results
from the simulations.

In de Zeeuw et al. [6] pick-up point strategies for the handling of single and multiple layers of
reinforcement are discussed. The current work studies whether an NCF can be considered as a
single layer or should be treated as multiple layers when it comes to the selection of gripping
mechanisms for pick-up points.

This paper presents the initial steps taken to study the effect of pick-up point location on plane
shear induced fiber angle deviations in non-crimp fabrics. First, Section 2 presents the materials
that are used. This is followed by the experimental and numerical methods in Section 3. The
results are presented in Section 4 and discussed in Section 5. Finally, the conclusions are
presented in Section 6.

2. Materials

The current work uses an E-glass based Biaxial + 45° NCF with a chain stitch pattern produced
by R&G Faserverbundwerkstoffe GmbH. The choice for a chain-stitch type NCF is based on a
chain stitch giving a high form stability, making the fabric appropriate for automated handling
[3]. The NCF has stabilizing tows in the 0 and 90 direction. Table 1 presents the details for the
NCF selected for the present work.

Figure 1. Stitch pattern of NCF

Table 1: Specifications of selected fabric as provided by manufacturer

Fabric type: Biaxial + 45° NCF
Weight: 430 g/m?

Fibres: 100% E-glass (300 tex)
Stitch: Chain stitch

Finishing: Silane treated

Table 2 presents the homogenized elastic properties that have been determined in de Zeeuw et
al. [5] for the bi-axial NCF used in this work.
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Table 2: Homogenized elastic properties as determined in de Zeeuw et al. [5]

E11 [MPa] Ezz [MPa] E33 [MPa] K12 [-] H13 [-] M23 [-] G12 [MPa] G13 [MPa] Gza [MPa]

196 196 0.16 05 05 05 239 0.24 0.24

3. Methods

During the experiments + 45° specimens of 300 x 300 mm and 550 x 550 mm are subjected to
gravity while being suspended from a fixed pick-up point in each corner that’s attached to a
frame. Figure 2 shows one of these tests.

Figure 2. Frame with a 550 x 550 mm reinforcement suspended from the pick-up points

The in-plane positioning of the pick-up points is accurate op to 0.5 mm. The pick-up points with
a diameter of 46 mm are attached to the reinforcements using double sided tape. From the
moment the NCF is delivered on a roll to when the reinforcements are attached to the frame
care is taken that they are always fully supported to avoid any preliminary in-plane shear or
other deformations. Once the specimens are suspended from the frame the deflection is
obtained through 3D scanning using a FARO 3D scanner.

Two different configurations are used for the specimens. This is done to determine whether an
NCF can be treated as a single layer reinforcement or should be treated as multiple layers when
selecting gripping strategies. In the first series the specimens are tested as is. For the second
series a round piece of foil is adhered to the bottom side of the specimens at the location of the
pick-up points using an silane modified polymer based adhesive. Care is taken that the adhesive
fully penetrates the fabric to ensure the two layers of the NCF are fixed together.

Specimen dimensions are chosen with a pick-up point diameter of 50 mm in mind. For the 300
x 300 mm specimens this would result in a distance between the centers of two pick-up points
of 250 mm. For the 550 x 550 mm specimens this distance would be twice as large, 500 mm. The
50 mm knobs that were ordered for the current work did however turn out to be 46 mm.

The numerical models are created using Abaqus/CAE 2021. The reinforcement is modeled as a
shell using S4R elements with the material properties as defined in Table 2. A gravity load of 9.81
m/s? is applied. Figure 3 shows the partitions used for the current work. The lines across the
diagonal are used to obtain the simulated deflection. This is later compared to the experimental
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work for an initial validation step based on deformation. The partitions for the pick-up points
are used to apply the translational and rotational displacement boundary conditions observed
for the pick-up points during the experiments. To facilitate modeling of the rotation of the pick-
up point the material for these areas is modeled as a very rigid material instead of the properties
presented in Table 2.

Figure 3. Partitions for the 550 x 550 mm numerical model
4. Results

Figure 4 shows a color map of the obtained point cloud for one of the 550 x 550 mm specimens
from the first series. This first series did not include the adhesive gluing the layers together at
the corners. The deflection pattern is not the one typically observed for + 45°. In this figure the
tows of the top layer lay in the direction indicated with a solid line. The tows of the bottom layer
lay in the direction indicated with a dashed line.
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Figure 4. Point cloud with color map for one of the specimens from series 1.
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Figure 5 shows the deformation result for one of the 550 x 550 mm specimens from the second
series. The second series did include the adhesive gluing the layers together at the corners. For
these specimens the deflection pattern is as expected for a + 45° fabric. These specimens show
a smaller deflection than the specimens without adhesive applied at the corners.
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Figure 5. Point cloud with color map for one of the specimens for series 2.

The results show that the method chosen to grip the reinforcement is important for the behavior
during handling. For the first series as shown in Figure 4 the double sided tape results in a firm
connection between the pick-up point and the upper layer of the reinforcement. Within the NCF
the two layers are held together by the stitches. The bottom layer is free to slide, the stitches
do not prevent movement along the tows. With the tows of the bottom layer not being fixed
they are unable to resist the gravity load and slide, resulting in the pattern as seen in Figure 4.

An initial validation step is done using the deformation results from the series 2 experiments.
This is done by comparing the deflections along the diagonal of the numerical and experimental
results. Figure 6 and 7 show this comparison for respectively the 300 x 300 mm specimens and
the 550 x 500 mm specimens. The experimental results showed that there were small off-sets
in the y-direction for the different pick-up points. These off-sets have been included in the
numerical models.
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Figure 6. Comparison between numerical and experimental results for dimensions of 300x300

The results show that the numerical model is better able to predict the behavior of the 300 x
300 mm specimens than for the 550 x 550 mm specimens. For the 300 x 300 mm specimens the
numerical results lay within 8% from the mean experimental results. For the 550 x 550 mm
specimens this is 18.5%. The numerical model is shown to overestimate the deflection.
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Figure 7. Comparison between numerical and experimental results for dimensions of 550x550

The actual values of interest for the current work are not the displacements but the in-plane
shear strains. These in-plane shear strains are directly related to the fiber angle deviations.
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Figure 8 shows the simulated in-plane shear strains for a 550 x 550 mm specimen. For the in-
plane shear strains the regions closer to the pick-up points are of interest while for deflections
the maximum values will be roughly in the center of the reinforcement.
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Figure 8. Simulated in-plane shear strains for 550 x 550 mm non-crimp fabric reinforcement
5. Discussion

The current work shows that when handling a dry non-crimp fabric it is important that both
layers are supported and that the stitches should not solely be relied on to ensure the bottom
layer stays in place. When handling multiple layers of reinforcement needle grippers are the only
gripping technology discussed in Zeeuw et al. [6] that can reliably pick up all layers. The bi-axial
NCF of the current work consists of only two layers, still gripping technologies will need to be
evaluated before they are implemented to ensure all layers are gripped.

The FEM model assumes that the two layers of the NCF cannot act independently. It can
therefore not predict the behavior observed for the first series of experiments. An initial
validation based on the displacement measured has been performed. The results show that the
model is able to give a reasonable prediction for the deflections along the diagonal. The
simulated result is more accurate for the 300 x 300 mm specimens than for the 550 x 550 mm
specimens. For practical reasons it is more desirable for the simulations to overestimate the
deflections than to underestimate them. When designing the pick-and-place process an
overestimate in the deflections will ensure there is always enough clearance between
reinforcements and other surfaces.

Itis suggested that the differences between experimental and numerical results are a side effect
of the way the material is modeled. The numerical model does not consider the individual tows
and stitches but uses homogenized elastic properties. A biaxial NCF has a variety of mesoscopic
fabric deformation mechanisms [8]. A representative volume element [RVE] is used to obtain
homogenized elastic properties based on displacements in the 1, 2 and 3 directions. The
deformation mechanisms that occur when a reinforcement is picked up at four corners will
however be more complex than those that occur in the RVE.
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The area of interest of the work is not the deflection of the reinforcements during handling but
the in-plane shear strains and the fiber angle deviations. The deflections give an indication of
the ability of the model to predict the behavior of the reinforcement. However, the deflections
are not necessarily directly linked to the in-plane shear strains. A small difference in the in-plane
shear strains near the pick-up points could for example result in a significantly larger deflection
in the middle of the fabric. The model will need to be validated based on in-plane shear strains
in future.

6. Conclusions

The current work presents the initial steps taken to study the influence of pick-up point
positioning on in-plane shear induced fiber angle deviations. The experimental work found that
for dry NCFs it cannot be assumed that the whole NCF will behave as a homogeneous material
during handling. The results show that if a gripping technology is used that just grips the top
layer, the bottom layer will be free to slide. To ensure predictable handling, gripping
technologies will need to be chosen such that all layers are fixed.

The experimental results are used to take a preliminary look at the ability of the numerical model
to simulate the behavior of bi-axial NCFs under gravity loading. The simulation is shown to give
reasonable predictions for the deflections along the diagonal. The validation strategy used in
the current work is however not the most appropriate one for validating the model. Further
validation will be carried out based on in-plane shear strains.
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