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Abstract 

 The issue of impact simulation results from the fact that the impact load is unique and the 

designed system or element is requested not to fail only once or a small number of loadings. Tests 

for assessments of the degree of impact protection are expensive and numerous because they 

require a high probability of impact resistence. In the literature, there are models at the micro 

level (at fiber level), at the meso level (multi-fiber yarns, several fibers or by evaluating the 

behavior of the fibers to a monobloc yarn, as is the case with this simulation) and at the macro 

level (the behavior of element or system is done with some equivalences concerning the material 

model). This paper presents comparative results of the axis and on the edge of a yarn considered 

monoblock and isotropic to highlight the differences in the mechanisms of destruction of the yarn 

and in the evolution of the distribution of equivalent stress, highlighting the differences in the 

simulation of these two cases explains, at least qualitatively, the differences in the behavior of the 

panels considered identical. 
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1. INTRODUCTION 

 

In general, the modeling of fabrics and protective 

panels can be done on four:  

- the micro level refers to modeling of a single 

fiber, these studies being rare because the 

determination of mechanical properties at high 

deformation speeds is difficult to achieve for bodies 

with such large differences between their cross-

sectional size and [1], the micro level refers to either 

yarn or as a single body [2], or as a multi-fiber [3], 

- the meso lovel refers to [4], [5], 

- the macro layers considers the protection panel 

as a layered system, with various connections 

between layers: [6], [7], bonds that shape the 

polymer matrix of very small (1/10...1/100) 

compared to the thickness of a single layers of fabric. 

In 2013, Nilakantan [3], modeled a yarn with 

several aramid fibers (400) to investigate the strain 

and destruction of the yarn, but the mechanisms of 

energy dissipation at this level. The geometric model 

was associated with a constitutive model of material, 

formulated based on experimental data. He studied 

two cases: the fibers are constrained not to spread 

laterally during the impact or are free to move 

laterally in the direction of impact. Having the 

possibility to implement a good resolution of the 

model, the simulation presented important aspects of 

the impact behavior, difficult to detect 

experimentally and demonstrated the role of friction, 

of the material model in damage the yarn. Figure 1, 

extracted from his work, shows, at a moment of 

impact, the way the yarn system is strained, ie the 

yarn, for v0 = 100 m/s. 

 

 
 

Fig. 1. Nilakantan’s model, for a yarn with 400 

aramid fibers, similar to the Kevlar KM2 yarn [3] 
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The fiber model presented by Sockalingam [1] 

introducs a constitutive model for an anisotropic 

material (aramid fiber), a failure criterion based on 

reaching a maximum strain and involves the rigid 

projectile  

 

 
a) yarn patterns, given by Endruweit (2018) 

 

 
b) The appearance of a fiberglass yarn. SEM image 

with dimensions  

Fig. 2. Fiberglass yarn 

 

Ha-Minh et al. [4] presented a numerical impact 

model on an experimentally validated 1/1 Kevlar 

KM2 fabric, highlighting the importance of 

introducing experimental material data into the 

simulation. He studied the influence of the Poisson's 

ratio, the transverse modulus and the shear modulus 

on the behavior of a single layer of fabric. The 

influence of the Poisson's ratio is negligible, but the 

transverse modulus has an influence when it has low 

values, causing early destruction of the yarn. The 

performance of the fabric was strongly influenced by 

the shear modulus. 

In 2018, Endruweit et al. [8] proposes a modeling 

of the shape of the yarn in cross section to simulate 

the flow of the fluid matrix between the yarns of a 

composite.In Figs. 1a are presented yarn models that 

can be described by mathematical functions and in 

Fig. 1b shows a yarn from a quadriaxial fabric used 

for protection panels in a study by doctoral student 

George Ghiocel Ojoc, from the Doctoral School of 

Mechanical and Industrial Engineering. 

A study performed on a yarn model, with the 

introduction of a bilinear isotropic constitutive model 

was performed by Pîrvu et al. [2], but to highlight the 

features of a monoblock yarn equivalent to the 

aramid multifilament yarn. 

This paper aims to simulate the behavior of a 

fiberglass yarn, considered monoblock, at different 

impact speeds, to highlight the mechanisms of 

demage and aspects of the evolution of von Mises 

stresses, projectile velocity and its acceleration in 

time. 

 

2. The Model 

 

 The geometric model of the yarn takes into 

account Fig. 2 and it has a length of 60 mm, a width 

of 3 mm and a thickness of 0.2 mm. The ends are 

rounded with a radius equal to the half-height of the 

yarn. 

 The model contains 64569 nodes and 68680 

elements (the size of the element being between 0.1 

mm and 0.3 mm), and the constitutive model of the 

yarn material is isotropic bilinear, with characteristic 

values of fiber and glass yarn, following the study to 

introduce other models that take into account the 

speed of strain. 

 Models for impact at micro and meso levels (as is 

the case presented here) raise meshing problems due 

to the very different dimensions of the bodies 

participating in the impact. And in this model, the 

yarn has much larger dimensions on one axis (length) 

and similar dimensions, much smaller, on the other 

two axes. The bullet is much larger than the 

transverse dimensions of the yarn. The meshing can 

be done according to the variants in Figs. 3b and c 

for the yarn, here being presented results for the 

meshing from Fig. 3c. Figure 4 shows the meshing 

for the projectile. 

 The yarn model is "linear EOS shock". 

 The bullet is considered to be made of two 

materials, the lead shirt and the middle of a copper 

alloy. Their properties are given in Table  

 The yarn is considered fixed on the ends, on the 

side surface and on a yarn length of 30 mm, as shown 

in Fig. 3a. 

 The contact conditions are as follows: 

 - the contact between the copper alloy jacket and 

the lead core of the projectile is "perfectly bonded", 

 - the contact between the yarn and the projectile 

is with frictional; the coefficient of yarn and 

projectile friction was considered to be constant and 

equal to 0.3 

 Boundary conditions. The yarn was fixed on the 

surfaces of the ends. 

 Initial conditions. Simulations were run for four 

projectile impact velocities (denoted by v0): 100 m/s, 

200 m/s, 300 m/s and 400 m/s. 
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a) Modeling the conditions for lateral fixing of the yarn 

 

   
                    b) with relatively regular elements                 c) with tetrahedral elements  

Fig. 3. Yarn mesh  

 

  
 a) the projectile in section b) overview 

Fig. 4. Yarn and projectile discretization network 

 

Tabelul 1. Mechanical properties of the yarn 

Property Yarn 
Projectile 

Core (lead) Jacket (copper alloy) 

Density, kg/m3 2540 11340 8300 

Young modulus, MPa 1.13x10
5
 0.2x10

5
 1.17x10

5
 

Poisson ratio 0.25 0.43 0.34 

Tangent modulus, MPa 12750 0 1150 

Shear modulus, MPa 45200 6993 43657 

Yield limit, MPa 919 30 70 

Equivalent plastis strain at break  0.03   
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Naresh et al. [9] presented experimental data on 

the influence of the deformation rate of some glass 

fiber composites on the tensile strength limit for 

deformation rates from 0.0016 s
-1

 to 542 s
-1

. He 

found that the tensile breaking limit and modulus of 

elasticity increased and the breaking strain decreased 

for fiberglass composites. 

 

 
Fig. 5. Strength limit depending on strain rate [10] 

 

This model considers a constitutive model of 

isotropic bilinear material for glass yarn, and based 

on the resulting observations and experimental data 

from the literature [10], more complex constitutive 

models will be introduced to take into account the 

influence of the deformation rate characteristic of the 

impact of high speeds. For example, Ou and Zhu [10] 

reported that the breaking limit of a glass fiber 

composite increases substantially with increasing rate 

of deformation (Fig. 5). 

Naik et al. [11] reported an increase in breaking 

strength of 75–93% compared to the results obtained 

in the quasi-static test for fiberglass composites. 

In a micro scale model of a polymer matrix 

composite, Patnaik et al. [12] used the following 

properties for fiberglass and then introduced the data 

obtained on this micro-composite model into a macro 

model with several layers of composite: density 2400 

kg/m
3
, Young's modulus 73 GPa, Poisson's ratio 

0.20, tensile strength at 2300 MPa, fiber diameter 12 

m. However, the fraction of the volume of fibers 

considered was relatively small, up to 27%, in 

ballistic protection panels this ratio can reach 65%. 

Based on the consulted literature, the following 

values were chosen for the properties of the glass 

yarn material (here considered monoblock) (Table 1). 

 

3. RESULTS AND DISCUSSIONS 

 

Figure 6 shows the evolution of the maximum 

value of the von Mises stress in the yarn, according 

to the initial point of impact and the initial velocity of 

the projectile. 

It is observed that the breaking of the yarn is 

realized in the first moments of the simulation, the 

maximum tension in the yarn evolving differently 

depending on the impact speed and the position of 

the projectile relative to the yarn. In the thread struck 

on the edge, bending and twisting produce high 

tensions even after breaking. 

 

 

 

 
Fig. 6. Evolution of the maximum von Mises value 

for simulated cases 
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Fig. 7. The evolution of the projectile velocity for 

different impact speeds 

 

The duration of the simulation was 4x10
-5 

s. From 

the evolution of the graphs we can identify the 

breaking moments of the yarn. For example, at a 

speed v0=400 m/s, the breaking is already initiated at 

the time of 0.25x10
-5

 s and propagates to t=1.5x10
-5

 

s. The increase in stress equivalent to the end of the 

time investigated in the simulation reflects the strong 

bending of the yarn. At lower speeds, the breaking of 

the yarn occurs at slightly lower stresses because the 

material "has time" to strain and reach the value of 

the deformation from the breaking criterion. 

The analysis of the velocity of the projectile's 

peak is useful for highlighting the more favorable 

position in the deceleration of the projectile. It is 

observed that the impact on the yarn axis produces 

the largest speed variation for all initial impact 

velocities (Fig. 7). 

Yarn breakage occurs faster at higher speeds (300 

m/s and 400 m/s).The maximum values of the von 

Mises tress are maintained at a high level (signaling 

the continuation of the rupture) for v0=400 m s (up to 

t =1.5x10
-5

 s) and for v0=300 m/s (up to t=1x10
-5

 s), 

but for lower speeds, the graph of the maximum 

values of this tress, go up and down, suggesting that 

after a local breaking the material "has time" to relax. 

From the analysis made on a yarn, it resulted that 

the position of the yarn when it is hit by the projectile 

matters. Two cases were studied: 

- the projectile strikes (touches) the yarn on its 

edge for the first time, 

- the projectile strikes the yarn on the axis of 

symmetry on the face of the yarn. 

 In the first case, the yarn breaks faster, at time t= 

5x10
-6

 s, the yarn being already broken, while for the 

central impact of the thread, the break occurs at t = 

1.5x10
-6

 s. 

At the impact on the edge, the yarn is initially 

deformed more, it is twisted, which creates strong 

stress concentrators (Fig. 8b). The breaking is 

initiated from the edge, while in the case of the 

central impact, the breaking is initiated on the 

longitudinal axis of the yarn. 

The influence of the positioning of the point of 

impact is expected to fade when simulating the fabric 

or even layers of fabrics. In the case of the central 

blow, the yarn has strongly tensioned areas that move 

towards the end of the yarn, the bending produced by 

the passage of the projectile being accentuated, 

compared to the yarn hit on the edge; as it is already 

twisted after the first moments, the bending is lower 

A substantial change in the breaking mode is 

observed only at v0=400 m/s and only for the 

centrally struck yarn (Fig. 9). It is observed that, at 

time t=2.5x10
-6

 s, the yarn is already broken, but in 

two places, even if the breaking is not propagated 

over the entire width of the yarn, the stress 

concentrators being visible on the image, to the left 

of the breaking area. 

At time t = 5x10
-6

 s, additional fragmentation and 

maximum stresses are observed in the bending areas 
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of the yarn, due to the advance of the projectile. The 

brittle nature of the yarn is highlighted by the number 

of fragments and the propagation of cracks in the 

yarn. 

The impact on the edge of the yarn (Fig. 10) 

shows that, at the same analyzed moments, the von 

Mises stress distribution is different both as 

maximum values and as distribution and the yarn is 

visible at time t= 5x10
-6

 s, but only on half the width 

it. But, as can be seen from Fig. 11, and in the case of 

impact on the edge of the yarn, it fragments, but the 

remaining pieces of yarn are rather twisted and not 

bent as on the impact on the axis of the yarn. 

Although the breaking process and the stresses are 

not identical, the result of the impact is similar: the 

fragmentation of the yarn in the central area, only the 

distribution of von Mises stresses is more strongly 

asymmetrical to the impact on the edge of the yarn. 

 

 
 

 
 

5x10
-6

 

  

7.5x10
-6

 

  

1x10
-5

 

  

1.25x10
-5

 

  

1.5x10
-5
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Moment a) central impact b) edge impact 

Fig. 8. Comparing failure process of the yarn, for v0=100 m/s 
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a) t=2.5x10

-6
 s b) t=5x10

-6
 s 

Fig. 9. Fragmentation mechanisms of the monoblock yarn, at v0=400 m/s, central impact on the yarn 

 

 

  
a) t=2.5x10

-6
 s b) t=5x10

-6
 s 

Fig. 10. Fragmentation mechanisms of the monoblock yarn, at v0=400 m/s, impact on the edge of yarn 

 

 

  

a) central impact on yarn b) impact on the edge of yarn 

Fig. 11. The influence of the location of the impact on how the yarn is destroyed, for v0=400 m/s, at the moment 

t=1.5x10
-5

 

 

4. CONCLUSIONS 

 

This paper presents comparative results of the 

simulated impact on the axis and on the edge of a 

yarn considered monoblock and isotropic to highlight 

the differences in the mechanisms of destruction of 

the yarn and in the evolution of the distribution of 

equivalent stresses.Highlighting the differences in the 

simulation of these two cases explains, at least 

qualitatively, the differences in the behavior of the 

panels considered identical. 

The influence of the positioning of the bullet on a 

main yarn is small (around 10% for the maximum 

values of von Mises stresses at the same time), but 

the location of these maxima is strongly influenced 

by the impact mode (on the center or edge of the 

yarn). 

Impact speed is a very important determining 

factor, influencing  

- the moment of breaking, 

- the breaking mechanism. 

Also, the constitutive model is important because 

it influences the chronology and the way of 

destruction. 
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