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ABSTRACT )

In this work, a mesoscopic 3D numerical model, able to predict the ballistic limit and the damaged area of woven aramid fabrics, has been developed. Two different types of fabrics based on para-aramid yarns with different
interlacing geometries have been characterized and analyzed from yarn level to weave level. Mechanical properties such as maximum stress, failure strain, and elastic modulus have been obtained from uniaxial tensile
tests, while the inter-yarn friction coefficients (static and kinetic) have been obtained by a combination of single yarn pull-out tests and an analytical model. The numerical model has been validate through ballistic impact

| tfests in terms of ballistic limit and damaged area. Additionally, the model has been used to study the impact response of multilayer fabrics, obtaining the influence of the number of layer in the ballistic limit. y
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(inputs for numerical model)

High-performance aramid fabrics have increased their demand in recent years in 3.1. Geometrical Characterization of the Material 3.3. Yarn pull-out tests
applications where high levels of energy absorption are required, as in the case of Two woven aramid fabrics with different areal densities are analyzed.
structures and personal protections under impact loadings. This increase has
been mainly driven by their desired engineering properties, such as high elastic
modulus, high strength, low density, good chemical resistance and thermal
stability [1]. p=204.10 g/m* p=1211.45g/m?

« Friction between yarns plays an
important role in the impact behavior of Aramid Kevlar®@K129
aramid fabrics, increasing the energy
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dissipation of the fabric when the yarns orientation __(mm) _(mm) _(mm) _Section (mm’) _(mm) _(mm) (%)
begin to move one concerning the other, A: 1.1420 0.1753 1.1520 0.0647 0.1650 0.0610 5.22 H o P = et A

gin to move ( g s 2 08985 01825 09545 00849 01510 0.0400 .81 Static aqd kinetic inter-yarn friction coefficients
and also is reflected in the way the loads rp 10950 0.1753 11650 00687 01760 0.0773 643 are obtained by means of the pull-out force vs
are transferred and redistributed between — Bo¥ap 09050 01825 09305 00527 01830 0.0473 1030 displacement curves and the analytical model of
neighbor yarns [2]. Fill yarn Sudion oo . w N Das et al. described in [3]:
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The balll_stlc limit (known as V50), the ) . i L | Lstatic
deformation shape of the woven or the __ (Pw/m)]

influence of the inter-yarn friction can be 3.2. Yarn uniaxial tensile tests w1 s n-6

studied using the Finite Element Method. Ln[P ot ]
Mechanical properties in both orientations for fabrics A and B =(P+a/")
T
Fabric - Yarn F(N) E (GPa) e (GPa) e
orientation
A-Fill 158.612 + 14.249 101.740 +£2.596 2.451+0.220 0.029 +0.001
. . " . . . . B-Fill 140.036 +9.237 103.205+ 1.669 2.549 +0.168 0.029 +0.001
The main objective of this work is to implement a 3D mesoscopic models based A_W;,p R N o e
on Finite Elements Analysis which allow to study the impact behavior of multilayer B-Warp 13298440092 106.126 %3119 2523+0.002 0.029 +0.001 Fj:::la:j;" ”;”} ”;;;" ”;g;m PR
para-aramid fabrics. An intensive experimental campaign, based on uniaxial AFill 123 785 564 063 054 117
tensile tests and yarn pull-out tests, has been developed in order to obtain the A?\f/'ﬂ'f'p 3§§ 1118713 gz; 32‘2‘ g-gé L
\ necessary properties of the yarns to use them as inputs in the numerical model. ) k <— INSTRON 8516 universal testing machine B-Wap 018 104 082 034 030 113 )
(Abaqus/Explicit commercial code)
« Plain woven fabric: Mesoscopic 3D deformable Several ballistic impact simulations have been carried out at different impact velocities and over a total of
body (Fill and warp yarns/ 100x100 mm?) five different multilayer fabrics (1, 2, 3, 4 and 6 layers) both for fabrics A and B; with the intention of obtaining
* Projectile: 3D Rigid Body » » the ballistic limit in each case. The results obtained for fabrics A and B present the same trend, therefore,
© Dot ’_}“‘m‘d F:";“ﬁ“‘;’“f’?ﬂ‘”hm°‘) only the results for fabric A are presented as an example. In the figures of the left, the contour plots of fabric
‘empered Steel for projectile ) : - A f
o @uerir Gy A at an impact velocity of 215 m/s and for the five cases of multilayer fabrics are presented.
* General Contact interaction using static-kinetic
exponential decay contact law:
H= e+ (s — e Vrell S
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Element types: 299025 C3D6R and C3D8R nodes —
A mesh sensibility study has i
been conducted modifying N
the number of elements in
the yarn width cross section.
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(Ballistic Limit and Damaged Area)
r « The ballistic limit increases

By increasing the number of layers:

« The damaged area decreases
« The stress concentration at the impact
point decreases
s 11250 o < - « The energy is transferred to the
g é <‘,”""'"f> crossing yarns.
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2 ) s By means of the FEM model developed
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3 Mmool A 110 PRl Recht and Ipson /4] 8 e — The ballistic limit at a certain velocity can be
= Error (%) 0.00 1125 V, = (Vi — Vi) <f1—=7=f9 predicted for fabrics with different number of
o0 Emen:‘;‘iec”a'la' s 1?; igg " ot o layers defining a fitting curve and without
\___Error (%) 247 634 performing additional experimental tests.

The model is capable of accurately reproducing the impact-velocity curves and the
damaged area obtained experimentally

CONCLUSIONS
A 3D mesoscopic numerical model has been developed using the experimental results obtained from the yarn uniaxial tensile tests and the yarn pull-out tests, using those results as inputs for
the FEM model. Several conclusions have been obtained:

» The FEM model has been validated. The model is capable of accurately reproducing the impact-velocity curves (V50) and the damaged area obtained experimentally.

» The ballistic limit of the fabric increases with the number of layers of which it is composed.

« By increasing the number of layers of a fabric the stress concentration at the impact point decreases and the energy is transferred to the crossing yarns.

« The ballistic limit at a certain velocity can be predicted for fabrics with different number of layers by defining a fitting curve and without performing additional experimental tests.
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