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Mechanical behaviour of polymeric fibres and their fabrics under ballistic impacts has been
largely studied and determined using different methods. Classical solutions include analytical
[1], semi-empirical [2] and numerical approaches [3].
Within this group, numerical approaches are one of the most promising since they are usually
more accurate then analytical ones but do not require large investments in materials and time as
experimental campaigns.
Different numerical models have been proposed for fabrics under high velocity impact [3, 4, 5]
while few attention has been dedicated to their basic constituents, i.e. fibres and yarns. In classical
approaches, yarns are modelled as an homogeneous media with a linear elastic anisotropic
behaviour. Their mechanical properties are usually obtained using physical assumptions and
validated through analytical models which does not consider fibre-fibre interactions, inter-yarn
friction, yarn section rearrangements or fibres three dimensional mechanical behaviour [3, 6, 7].
It has been proved by different studies that the previously mentioned elements have an influence
on the global response of the fabric under ballistic impact [8, 9]. In order to determine a proper
equivalent continuum model for yarns in highly dynamical applications, a mechanical study
which goes further the analytical or experimental limitation is required.
Hereafter, a numerical study of a Kevlar KM2 600 yarn transversally impacted is presented,
Fig.1. The single yarn is represented at its components level, i.e. fibres, allowing to take into
account fibre-fibre interaction. A revisited version of Discrete Element Method inspired by
multifilament models developed by other authors [5] is adopted in order to solve the problem in
a friendly computational environment.
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Fig. 1.: Transverse impact set up using symmetry conditions

Pietro.DELSORBO@ensam.eu
Jeremie.GIRARDOT@ensam.eu
Frederic.DAU@ensam.eu
Ivan.IORDANOFF@ensam.eu


JNC 20 – École des Ponts ParisTech – 28 - 30 juin 2017

Yarn impact response in the short (0-3µs) and long (0-40µs) time period has been analysed and
compared to the analytical solution. Thanks to this approach all those phenomena which appear
during the impact that are not visible using experimental/analytical techniques are carefully
described, Fig.2. Moreover, thanks to numerical sensors, different physical quantities which are
not available with classical approaches have been recorded.
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(a) Longitudinal strain wave propagation
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(b) Transversal speed wave propagation through yarn thi-
ckness

Fig. 2.: Wave propagations in yarn during transverse impact

This type of analysis will be successively used to get informations as energies trends, number of
broken fibres and others in order to develop a material model for continuum yarn representation
which is able to take into account even microscopic phenomena.

Références

[1] B. Parga-Landa, F. Hernàndez-Olivares « An analytical model to predict impact behaviour
of soft armours », International Journal of Impact Engineering Vol. 16 n° 3, pp. 455–466,
1995, ISSN 0734743X.

[2] P. M. Cunniff « A Semiempirical Model for the Ballistic Impact Performance of Textile-
Based Personnel Armor », Textile Research Journal Vol. 66 n° 1, pp. 45–58, 1996, ISSN
0040-5175.

[3] Y. Duan, M. Keefe, T. A. Bogetti, B. Powers « Finite element modeling of transverse impact
on a ballistic fabric », International Journal of Mechanical Sciences Vol. 48 n° 1, pp. 33–43,
2006, ISSN 00207403.

[4] C. T. Lim, V. P. W. Shim, Y. H. Ng « Finite-element modeling of the ballistic impact of
fabric armor », International Journal of Impact Engineering Vol. 28, pp. 13–31, 2003,
ISSN 0734743X.

[5] Y.Wang, Y.Miao, D. Swenson, B. A. Cheeseman, C. F. Yen, B. LaMattina « Digital element
approach for simulating impact and penetration of textiles », International Journal of Impact
Engineering Vol. 37 n° 5, pp. 552–560, 2010, ISSN 0734743X.



JNC 20 – École des Ponts ParisTech – 28 - 30 juin 2017

[6] S. Chocron, E. Figueroa, N.King, T. Kirchdoerfer, A. E. Nicholls, E. Sagebiel, C.Weiss, C. J.
Freitas « Modeling and validation of full fabric targets under ballistic impact », Composites
Science and Technology Vol. 70 n° 13, pp. 2012–2022, 2010, ISSN 02663538.

[7] G. Nilakantan, M. Keefe, T. A. Bogetti, J. W. Gillespie « Multiscale modeling of the impact
of textile fabrics based on hybrid element analysis », International Journal of Impact
Engineering Vol. 37 n° 10, pp. 1056–1071, 2010, ISSN 0734743X.

[8] M. Grujicic, A. Hariharan, B. Pandurangan, C. F. Yen, B. A. Cheeseman, Y. Wang, Y. Miao,
J. Q. Zheng « Fiber-level modeling of dynamic strength of kevlar® KM2 ballistic fabric »,
Journal of Materials Engineering and Performance Vol. 21 n° 7, pp. 1107–1119, 2012,
ISSN 10599495.

[9] Y. Wang, X. Chen, R. Young, I. Kinloch « Finite element analysis of effect of inter-yarn
friction on ballistic impact response of woven fabrics », Composite Structures Vol. 135,
pp. 8–16, 2016, ISSN 02638223.


