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The protection level is defined by

. the number and properties of filaments comprising
a yarn;
: weave type, surface density, 1sotropy of the
weave, tensile characteristics, trimming;
: number of layers and their
interconnection technique
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a - 9mm full metal jacket bullet
b - Balle22 lead bullet
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Circular cross-section

Woven 1n a fabrics
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e Failure limit at ~3%
elongation of yarns and
~5% elongation of the
fabrics — results close to
experimental

* proper value of the slave
contact stiffness scale
multiplier 1in the range
0.01 - 1 makes the curve
closer to experimental
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“Infinite” textile layer One yarn width
modeled by membrane of no-failure
elements, *MAT_FABRIC material model

Joining of
differently meshed
Zones,

*CONSTRAINED

SRS Patch of a woven
Multiplication _ StrUCtU re

of the single-
layer model




Very approximate model of a yarn;

Lack of a full set of material constants (mostly

dynamic ones);

Limited size of a patch presented by a woven
structure model
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\ Two nodes selected

for comparison of
z-displacement
time laws

time laws of
longitudinal
displacements of
nodes:

Required: No change
In wave propagation
velocity after
crossing the tie-
boundary

Symmetry plane

Symmetry plane
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Propagation direction x

Propagation of the impact
excited longitudinal
component of the wave
across the tie boundary
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\Verhicatnenieirthesingle=layerimouel:
adjustment of parameters o) the membrane layer: (3)
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Propagation of the
Impact-excited
transversal
component of the
wave across the tie
boundary

Time interval c.q
s perforation of the fabric

Z-displacement (E-03)
Z-displacement (E-03)

0.04 0.06
Time (F-03} Time (E-03)
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brass and lead are elastic-plastic maternials
(FMAT_PLASTIC _KINEMATIC)

paraaramyde assumed: 1oy ber periceily elastic
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m highi velocity impact mieraction: thesyield

stress! 1S, dependent Upon the strain rate
(Syengsicls-Cotgertloclel):
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numenical and physical experments; of shootimg the
lead bullet mto: [0mmi thickness Iead plate;

he data ebtained from the physical

| experiment:
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LEAD BULLET AND LEAD PLATE
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satisfactory coincidence with

Final position, BETA=0.2,
the experiment

Final position, BETA=0

a Lead Plate
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thepiit pinched i the
plate (@)
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numerical and physical experiments of shootmg the
lead bullet through' a smgle tabunic layer:

The data obtamed from: the physical experiment:
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Notation of failing threads:
Wpi(warps) and WHi(wefts)
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F5k=0 - F5k=0.2 F5k=05
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Time = 9.8998e-005 Time = 0.0001512

5 layers 12 layers




Simulation of 300m/s velocity lead bullet
Impact upon a 12-layer fabric package




a - simulation result;
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