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ABSTRACT 

This study explores the enhancement of Kevlar fabric’s ballistic performance through impregnation with 

Shear Thickening Fluid (STF) for potential application in soft body armor. The experimental approach often 

fails to elucidate mechanical phenomena critical for the development of lightweight and high-strength body 

armor designs. To address this limitation, the finite element method, specifically using ANSYS/LS-DYNA 

R.13, was employed for a comprehensive analysis. The simulation aimed to evaluate the impact of STF on 

Kevlar fabric by assessing projectile velocity, force exerted by the projectile onto the fabric, displacement, 

stress distribution, and fabric failure mechanisms. Kevlar yarn was modeled as a shell element formed into 

fabric with a sine wave profile, investigating two types of STF: SiO2-PEG200 (S0) and SiO2-PEG200-B4C 

(S1), differing in maximum viscosities. The addition of STF resulted in increased coefficients of friction on 

Kevlar, with the highest values observed for the SiO2-PEG200-B4C impregnated fabric (𝜇𝑠1 =0.87 and 

𝜇𝑑1=0.82). The incorporation of the second STF type (S1) significantly reduced the projectile’s velocity 

from an initial 200 m/s to 153.2 m/s upon impact. Additionally, the force on the S1 fabric surged to 121,556 

N, a threefold increase compared to neat Kevlar. STF's influence was further evidenced by enhanced fabric 

displacement and more uniform stress distribution upon ballistic impact. The fabric's thickening upon failure 

indicated STF's ability to enlarge the deformation area, facilitating uniform distribution of ballistic kinetic 

energy across the impact zone. Notably, the fabric impregnated with the second type of STF, featuring boron 

carbide (S1), demonstrated superior ballistic performance. This study concludes that STF-impregnated 

Kevlar fabric, particularly the SiO2-PEG200-B4C variant, not only surpasses the ballistic performance of 

neat Kevlar but also meets the criteria for NIJ Level IIIA standards, highlighting its potential as a highly 

effective material for advanced soft body armor designs. 

Copyright © 2024. Journal of Mechanical Engineering Science and Technology. 
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   I. Introduction 

Soft body armor is part of an army protection device that requires high strength, 

flexibility, lightweight, and resistance to ballistic penetration or sharp objects [1]. Soft body 

armor is made of high-strength flexible fabrics such as Kevlar, Twaron, aramid, Spectra, 

Dyneema, etc [2]. Kevlar is a type of fabric widely used because of its resistance to puncture 

and abrasion [3]. In body armor, Kevlar is generally arranged in as many as 20 to 50 layers 

[4]. This large number of layers leads to an increase in armor weight, which also reduces 
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flexibility and mobility. In addition, Kevlar has the disadvantage that it is easily torn due to 

friction and high pressure. One way to improve Kevlar performance is to impregnate it with 

Shear Thickening Fluid (STF) [5]. STF is a non-Newtonian fluid whose viscosity increases 

when passing through the critical shear rate [6]. STF is generally made of solid particles 

(silica) and dispersing liquid (polyethylene glycol) [7]. The latest development, STF, is 

enhanced with additives to improve its thickening properties, which have an impact on 

increasing energy absorption [8]. Wagner et al. [9] first combined STF in Kevlar and, 

through experimental research, stated that ballistic performance on Kevlar increased. 

Furthermore, other researchers carried out developments that showed similar results, 

namely, the addition of STF can improve ballistic performance in Kevlar [3], [10]–[12]. In 

addition, increasing the nature of energy absorption by engineering STF rheology also 

develops, namely by adding additive materials. Additives contribute to blocking fluid flow 

during increased shear stress, which in turn improves the viscosity profile at STF [5]. The 

combination of soft body armor fabric with STF and additive materials leads to positive 

results in absorption of kinetic energy from ballistics and reduced deformation.  

Research on the performance of Kevlar impregnated with STF due to ballistics is 

important to develop effective and efficient body protective materials. One of the 

performance evaluations of Kevlar is post-firing failure analysis. Understanding the failure 

mechanism and its types is an approach used in protective systems that is critical to 

increasing their resistance to ballistics. Through failure studies on soft body armor, 

researchers can develop new armor by improving performance and protection capacity [13], 

[14]. The failure mechanism can be approached through experimentation and numerical 

simulation. Experimental research has been conducted to detect impact failure in armor 

fabrics on different size scales, including the number of shots, number of layers, fabric, and 

fibers [15]. The experimental results revealed that the durability of impact on armor is 

influenced by various factors such as fabric material properties, fabric patterns, and stress 

states [15]. Computer modeling is also used to understand the complexity of penetration and 

perforation during impact. Simulation helps describe how material flows, faults, and failures 

occur and can provide insight into critical conditions for impact failure. The simulated 

approach provides several advantages over experimental methods, including providing an 

understanding of the protective fabric behavior under various conditions, being able to 

decipher complexity during ballistic impacts with varying variations in the impact zone, 

enabling parametric analysis of material properties that contribute to future material 

development, and being able to provide quantitatively accurate predictions of penetration 

events [16], [17].  In addition, the simulated approach can make up for the shortcomings of 

the experimental method, namely the analysis of mechanical details during the ballistic 

process [18],[19].   

The study of failure in STF-impregnated soft body armor is interesting because it can 

help optimize durability and reduce weight from protective systems [20]. STF added to the 

fabric is realized in an increase in the coefficient of friction between yarns. Previous research 

by and [21] indicates that increased friction may increase the load-bearing area on the fabric. 

This mechanism is further described by [18] which states that increased friction can increase 

the bearing area of the fabric and the tension in the deformed area more uniformly. Based 

on previous research, increased friction can improve ballistic performance in Kevlar but the 

specific mechanism of this phenomenon is not yet clear. In this study, a simulation of the 

performance of STF-impregnated Kevlar due to ballistics will be carried out. STF added to 

kevlar consists of 2 types, namely those composed of SiO2-PEG200 and SiO2-PEG200-B4C. 

Boron carbide is an additive material because it can increase the thickening profile of STF, 
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lightweight, hard, and high strength, so it has the potential to become body armor. Kevlar 

performance is evaluated through projectile velocity. This research is also relevant to the 

current context, where security threats and armed conflicts are still common in various parts 

of the world. In addition, this research can contribute to the development of science and 

technology, especially in the field of defense and security. So, the aim of this research is to 

analyze the performance of Shear Thickening Fluid (STF)-impregnated Kevlar due to 

ballistics through the evaluation of projectile velocity, projectile-to-fabric force, 

displacement, stress, and fabric failure mechanisms. 

   II.  Materials and Methods  

1. Materials 

Materials for projectiles and fabrics are shown in Table 1. Projectiles are modeled as 

elastic components (*MAT_ELASTIC) because damage and deformation during ballistic 

processes are negligible, so projectiles are considered linear materials. Kevlar fabric is made 

of yarn fibers where the modulus of elasticity and strength depends on the direction of the 

fiber. In this case, the material for the fabric is modeled as an orthotropic constitutive model 

(*MAT_ORTHOTROPIC_ELASTIC). The failure criterion for thread is a tensile failure 

criterion, which is that the thread will break when the applied stress reaches the limit of the 

tensile strength of the material [10]. This criterion is inputted as the keyword 

MAT_ADD_EROSION with the limit of tensile strength of Kevlar fabric as 2 GPa. 

Table 1. Projectile and Kevlar materials [16] 

Materials Keywords Parameters 

Projectile MAT_ELASTIC RO (tonne/mm3) 

7.85E-09 

E (MPa) 

1.9E+5 

PR 

0.305 

Kevlar ORTHOTROPIC_

ELASTIC 

RO (tonne/mm3) 

1.44E-09 

EA (MPa) 

5.57E+4 

EB (MPa) 

2000 

EC (MPa) 

2000 

GAB (MPa) 

2000 

GBC (MPa) 

2000 

GCA (MPa) 

2000 

RO : Density; E : Modulus Young; PR : Poisson Ratio; EA : Modulus Young in x direction; EB : Modulus 

Young in y direction; EC : Modulus Young in z direction; GAB : Shear Modulus in xy; GBC : Shear Modulus 

in yz; GCA : Shear Modulus in xz. 

2. Methods 

The method used in this research is computational. Computational modeling on STF-

impregnated Kevlar is carried out using ANSYS/LS-DYNA R.13 software, which is 

completed with 3 steps, namely pre-processing, processing, and post-processing. The 

diagram for these stages is shown in Figure 1. 

Projectile and Kevlar geometry: A spherical projectile with a diameter of 6 mm modeled 

as a solid. Kevlar fabrics are modeled as yarns at the finite element-based membrane level 

simulated using LS-DYNA. The cross-section of a single thread can be modeled in elliptical 

and wavy shapes following the sine function. The specific equation for expressing the form 

and function of the fabric is expressed by equations (1) and (2) with the visualization in 

Figure 2 [18].                                                                      
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𝑥2

𝑎
+

𝑦2

𝑏
= 1   ................................................................................................. (1) 

𝑦 = 𝐴 sin (
2𝜋

𝑇
𝑥) ........................................................................................... (2) 

where: 

𝑎 : elliptical major axis (mm) 

𝑏 : Minor axis of ellipse (mm) 

𝐴 : Sine function amplitude(mm) 

𝑇 : fabric length in one cycle (mm) 

 

 
Fig. 1. Simulation steps 

 
Fig. 2. Cross-sectional shape and fabric profile 

The above parameter values for Kevlar are based on [16], as shown in Table 2. 

Table 2. Kevlar fabric dimensions 

Parameter (mm) Warp Weft 

2a 0.585 0.655 

2b 0.089 0.085 

A 0.097 0.122 

T 2.982 2.997 

 

Projectiles and yarns arranged into fabric are modeled in 1/4 section to reduce 

computational time, as shown in Figure 3. The dimensions of the fabric in the simulation are 

50 x 50 mm. Projectiles modeled as solid shapes produce element counts of 10206 and nodes 

of 11314, while fabrics modeled as shell elements produce 11850 elements and 18088 nodes. 

Boundary conditions: The boundary conditions on the fabric are shown in Figure 4, 

where there are 2 sides as fixed support and 2 sides as symmetry. In fixed support, the 

degrees of freedom of all nodes are held (111111). Two symmetry planes, namely the X and 
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Z planes, are used. The degrees of freedom for X plane are (100011) and Z (001110). This 

limit condition uses the keyword BOUNDARY_SPC_SET. The contact during the 

simulation process consists of contact between fabrics (warp and weft) and fabric with 

projectiles. Fabric contact is modeled as an interface with the keyword 

AUTOMATIC_SURFACE_TO_SURFACE. The value of the coefficient of friction for neat 

Kevlar is 0.22. On the contact between the projectile and the fabric, the keyword 

ERODING_SURFACE_TO_SURFACE was chosen because the fabric failed during 

contact with the projectile. The initial velocity is applied to the projectile in the y direction 

with the keyword INITIAL_VELOCITY_GENERATION. 

 

 
Fig. 3. Fabric and projectile models 

 

  
Fig. 4. Fabric Boundary Conditions 

 

Model Validation: Impact simulation models on ballistics need to be validated to ensure 

that the models built are the same and accurately describe the actual model [22]. Validation 

of simulation models is carried out by creating a model with the same data input and results 

as the ballistic test results.  

Implementation of STF’s effect on Kevlar: The experimental design for this research is 

to focus on the performance of Kevlar fabric reinforced with STF and without STF (shown 

in Table 3 for Kevlar with STF (S0 and S1) and without STF (Kevlar)). The presence of 

STF in Kevlar fabric influences the form of increased friction between yarns during impact. 

Previous research, both experimentally and computationally, showed that the increased 

friction between fabrics caused by STF impregnation is an increase in ballistic performance 

in fabrics [21], [23], [24]. Therefore, implementing the STF effect on Kevlar is to increase 

the coefficient of friction between yarns. The coefficient of friction between yarns on Kevlar 

fabrics is reported by [11] be 𝜇𝑠 = 0.22 and 𝜇𝑑 = 0.20. This value needs to be modified to 

give STF an effect on Kevlar so that the computational analysis is the same as the 

experiment. The value of the friction coefficient between fabrics given STF was determined 

through trial & error in ballistic simulations whose results were compared with 

experimental. Experimental data of ballistic test results on Kevlar impregnated by STF are 

shown in Table 3. Shear Thickening Fluid used consists of 2 types, namely without and with 

the addition of additive materials. STF without additives consists of SiO2 (25 wt%) and 

PEG200 (75 wt%). While the additives used are B4C mixed with a concentration of 7.5 wt% 

in SiO2 (25 wt%) and PEG200 (67.5 wt%). The maximum viscosity at STF is obtained using 

a rheometer at a shear rate of 0-1000/s. Initial and final velocity data were obtained through 

ballistic tests using an air gun. The air gun used is the PCP Ghost Warrior, which has a tube 

volume of 360 cc and a pressure of 3000 psi, which can fire bullets at speeds of up to 350 

m/s. The bullet used is a steel ball with a diameter of 6 mm with a mass of 0.7 grams. Thus, 

the soft body armor developed is included in the NIJ level IIIA standard. The initial and final 
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velocity of the projectile was measured using velocimetry installed before and after the 

sample. STF, with the addition of additives, increases its maximum viscosity value, which 

has an impact on better absorption of ballistic energy. 

Table 3. Experimental ballistics test results 

Code Composite Composition 
STF Maximum 

Viscosity (Pa.s) 

Initial Velocity 

(m/s) 

Final Velocity 

(m/s) 

Kevlar Kevlar - 

255.2 234 

257 240 

258 227 

S0 
Kevlar + STF (SiO2 25 

wt%+PEG200 75 wt%) 
511.46 

252.2 226 

246.5 222 

240.8 209 

S1 

Kevlar + STF (SiO2 25 

wt%+B4C 7.5 

wt%+PEG200 65 wt%) 

1063.8 

265 220 

262 215 

261 214 

   III. Results and Discussions   

1. Model Validation 

The simulation results on pure Kevlar fabrics impacted by ballistics are shown in Figure 

5 and numerically in Table 4.  

 

Fig. 5. Validate simulation results with experiments 

The simulation results are compared with the experimental as validation of the built 

model. The initial velocity at which the experimental results are duplicated in modeling. The 

average velocity of the projectile after passing through the fabric in the experimental results 

was 233.7 m/s, and in the simulation, 230.8 m/s. The difference between the two is 2.9 m/s, 

or an error of 1.23%. The error value is below 5%, which indicates that the simulation results 

are acceptable/ in accordance with the experimental results [25].  
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2. Coefficient of Friction 

The coefficient of friction between yarns is determined through trial & error on ballistic 

simulations whose results are compared with experimental. It can be seen in Table 4, 

simulation results for S0 and S1. The results of S0 and S1 refer to the results of experiments 

to determine the value of the coefficient of friction in fabrics due to the influence of STF. 

The value of the coefficient of friction in Kevlar added by STF has increased compared to 

neat Kevlar. STF has an influence on Kevlar in the form of increasing the frictional force of 

the yarn interface. This is in accordance with the results of the study 𝜇𝑠1
= 0.55, 𝜇𝑑1

=

0.41, 𝜇𝑠2
= 0.87𝜇𝑑2

= 0.82 [7], [11], [26]. The coefficient of friction in S1 is greater than 

that of S0; this is related to the maximum viscosity value in S1 STF liquid, which is greater 

than S0. STF forms a thin layer on the surface of the thread [27]. Higher viscosity values 

will result in thicker layers and increase the coefficient of friction between yarns. 

Table 4. Results of simulations and experiments 

Target Type Initial Velocity (m/s) 
Final Velocity (m/s) Residual Velocity (m/s) 

Error (%) 
Exp. Sim. Exp. Sim. 

Kevlar 
255.2 234 231.69 21.2 23.31 3.76 

257.0 240 230.89 17.0 26.11 0.99 

258.0 227 229.72 31.0 28.28 1.20 

S0 

240.8 209 210.60 31.8 30.20 0.77 

246.5 222 213.20 33.3 33.30 3.96 

252.2 226 223.50 26.2 28.70 1.11 

S0 

261.0 214 219.18 47.0 41.82 2.42 

262.0 215 231.26 47.0 30.74 2.91 

265.0 220 226.96 45.0 38.04 3.16 

3. Projectile Velocity 

The velocity profile of the projectile before and after firing the Kevlar is shown in Figure 

6. The initial velocity of the projectile passing through the three fabric variations is the same 

at 200 m/s. In neat Kevlar, the velocity of the projectile drops to 193.76 m/s at 7.65 x 10-5 s 

and then tends to be constant to 0.00025 s. Kevlar impregnated by the first type of STF (S0) 

experienced a lower decrease in projectile velocity than neat Kevlar, up to 1.64x10-4 s at 

168.15 m/s. The highest decrease in projectile velocity was when passing through Kevlar to 

which the second type of STF (S1) was added. The descent time is longer at 1.76x10-4 s at 

153.22 m/s. Based on the results of the projectile velocity during passing through the fabric, 

the addition of STF to the Kevlar can effectively absorb the velocity of the projectile 

indicated by the reduced velocity of the projectile after passing through the fabric. 

4. Projectile Impact Force 

The impact force of the projectile on the fabric is the force generated by the projectile 

when it hits the fabric. The impact force of the projectile for each fabric is shown in Figure 

7. In neat Kevlar, the impact force by the projectile is highest at 35845 N. Kevlar, which 

STF added, experienced an increase in projectile impact force with a value of 110,541 and 

121,556 N for S0 and S1. STF-impregnated fabric increases projectile impact force by up to 

3 times. The impact force from the projectile to the fabric can be used to find out how much 

penetration the projectile has into the fabric. The magnitude of the impact force of the 

projectile is proportional to the resistance of the fabric to impact loads.  
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Fig. 6. Projectile velocity profile Fig. 7. Impact force by projectile to fabric 

5. Deformation 

Figure 8 shows the displacement in the fabric (8a) and projectile (8b) during the impact 

process visualized in Figure 9(a)-(e).  
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(a) (b) 

Fig. 8. (a) Fabric deformation; (b) Projectile displacement 

 

The largest fabric displacement occurs in Kevlar added with STF, which has the highest 

viscosity (S1) of 12.5 mm, followed by S0 (8.2 mm), and finally, neat Kevlar of 2.6 mm. 

The displacement condition of the projectile is inversely proportional to the displacement of 

the fabric. Projectiles hitting neat Kevlar traveled farther (48.72 mm) than those hitting S0 

(44.7 mm) and S1 (41.9 mm). The two states between the displacement of the fabric and the 

projectile give the relationship that the greater the displacement of the fabric, the smaller the 

displacement of the projectile, which indicates that the fabric provides resistance to the 

projectile by deforming greater [15], [16]. 
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(a) (b) 

  
(c) (d) 

  
(e) (f) 

Fig. 9. Deformation of fabrics and projectiles at time (a) 0.000025; (b) 0.000075; (c) 0.000125; 

(d) 0.000175 (e) 0.0002125 (f) 0.00025 s 
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The relationship between fabric displacement and projectiles during the impact process 

is further explained through the phenomena visualized in Figure 9(a)-(e) on the observation 

time span. In Figure 9(a), when the projectile begins to penetrate the fabric, the displacement 

at S1 is lower than that of S0 and neat Kevlar. This is because friction between yarns holds 

the projectile from deforming the fabric. Smaller friction in neat Kevlar leads to greater 

deformation. The projectile continues to push the fabric in Figure 9(b), a pyramid-shaped 

deformation profile. In neat Kevlar, the fabric breaks because the strength of the thread 

exceeds the load by the ballistics. Kevlar with STF leaves yarns that hold projectiles with 

increasing amplitudes of deformation in fabrics globally. The higher the coefficient of 

friction, the greater the width of the pushed fabric [28], as shown by the dotted line in Figure 

9(b) to (e). Neat Kevlar in all histories of penetration time, fabric width, and deformation 

amplitude has smaller values compared to S0 and S1. A greater coefficient of friction 

distributes the projectile load from the center toward the outlet and spreads indicated by the 

increase in the amplitude of fabric deformation [29]. 

Figure 10 shows the results of a comparison between simulations and experiments on 

fabric that has been impacted by a projectile. It seems that the final form of failure between 

simulation and experiment has similarities. On the net Kevlar, the final penetration shape is 

square, with a size of 6 x 6 mm. On the S0, the horizontal width of the penetrated scar is 

reduced to 5.5 mm, and the long horizontal length is extended to 7 mm. Then, on the S1, the 

penetrative scar has a larger shape than the other two fabrics, 6 x 9 mm. The similarities 

between the simulation and the experiment results indicate that the simulated model can 

describe the actual condition. 

6. Stress 

The tension on the fabric due to the projectile during the ballistic process is shown in 

Figure 10. Figure 11(a) shows the stress distribution at the beginning of the projectile 

pushing the fabric. The stress distribution on all three fabrics shows something similar. The 

stress at neat, S0, and S1 are 905, 904, and 811 MPa, respectively. The smaller the tension 

value of the fabric due to ballistic loads indicates the stronger the fabric because it can 

withstand greater impact forces without damage. At the time of 5x10-5 s (Figure 11(b)), the 

stress distribution changes. In neat Kevlar, the tension is evenly distributed throughout the 

fabric, while in Kevlar, to which STF is added, the tension is distributed along the axial axis 

of the fabric. S1 makes the deformation diameter larger than the other 2 types of fabric. 

Figure 11(c) shows the condition of the fabric at a time of 1x10-4 s. Stress distribution in 

neat Kevlar and S0 tends not to show changes like the previous conditions, while in S1 the 

stress distribution extends with the extent of the deformed area. At 1.5x10-4 s (Figure 11(d)), 

the fabric is lifted up so that the tension is lower than the previous condition. The stress on 

neat Kevlar is distributed at several points; the stress S0 is concentrated at the center of the 

fabric, and the stress S1 is distributed along the axial axis, followed by an increasingly large 

area of deformation. This state repeats itself until the end of time to 2.5x10-4 s (Figure 11(e)).   

7. Fabric Failure Mechanism 

The displacement and tension in the fabric due to ballistics have alluded to the stages 

of failure in the fabric. To further understand the effect of STF on failure, it is necessary to 

explain the mechanism of failure that occurs in fabrics in general. Fabric failure, according 

to [3],[30],[31], through 3 mechanisms, namely thickening, tearing, and fraction. Thickening 

is the phenomenon of changing the shape of the fabric at the impact site. Thickening occurs 

due to the transfer of kinetic energy of the projectile to the fabric [22]. Protrusions on the 

fabric can identify the presence of this phenomenon [30]. STF plays a significant role in the 
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thickening of fabrics due to ballistics. Neat Kevlar deforms or forms a larger bulge height 

but with a smaller bulge area compared to S0 and S1. Larger bulge heights can cause yarns 

to break leading to tearing of the fabric due to too high deformation [32]. While a wider area 

of protrusion can have a positive impact on the fabric; namely, the kinetic energy of the 

projectile can be evenly distributed on the fabric [33]. The condition of the widespread area 

of protrusion due to ballistics is experienced by Kevlar fabric impregnated by STF. This is 

reinforced by the results of stress where S0 and S1 produce lower stress than neat Kevlar. 

STF that increases friction between yarns contributes to distributing ballistic loads 

throughout the fabric [34],[35]. Friction between yarns can prevent yarns from slipping on 

each other [34]. This is important to prevent the buildup of tension in a certain area that can 

cause the fabric to tear. Friction between yarns can help distribute kinetic energy from the 

projectile over a wider area by reducing local tension in the fabric [36]. STF also performs 

the same role in Kevlar fabrics that are subjected to tears and fragments. A tear occurs if the 

fabric is unable to withstand ballistic loads or, in theory, failure; the working load is greater 

than the strength of the material [37], [38]. Post-thickening, the fabric will continue to be 

pushed by the projectile until it breaks and breaks. In neat Kevlar, tears occur shorter due to 

higher thread deformation and local stress concentrated in the center of the fabric. 

 
Fig.10. Comparison of simulation and experimental deformation results 
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(d) 

 
(e) 

 
(f) 

Fig. 11. Stress on fabric at time (a) 0.0000125; (b) 0.00005; (c) 0.0001; (d) 0.00015; (e) 0.0002; 

(f) 0.00025 s 
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IV. Conclusions 

A simulation of the ballistic performance of STF-impregnated Kevlar was conducted, 

revealing significant enhancements in the fabric's protective capabilities. The variant 

impregnated with a second type of STF, specifically enriched with boron carbide (S1), 

exhibited superior performance due to an increase in the coefficient of friction between 

yarns, with static and dynamic coefficients measured at 𝜇𝑠  =  0.87 and 𝜇𝑑  = 0.82, 

respectively. This modification resulted in a notable reduction of the projectile's velocity to 

153.2 m/s from an initial velocity of 200 m/s after penetrating the STF-impregnated fabric. 

Furthermore, the force exerted by the projectile on the S1 fabric escalated to 121,556 N, 

marking a threefold increase in comparison to unenhanced Kevlar. The application of STF 

significantly influenced the fabric's displacement and stress distribution upon ballistic 

impact, leading to greater displacement and more uniform stress distribution. The 

mechanism of failure, characterized by thickening, indicated that STF application 

effectively enlarges the fabric's deformation area upon impact. This disperses the ballistic 

kinetic energy more evenly across the fabric. Such enhancements align with the 

requirements for NIJ Level IIIA standards, suggesting that STF-impregnated Kevlar fabric, 

particularly the S1 variant, could offer a higher level of protection against high-velocity 

threats, thus potentially qualifying it as a viable material for NIJ Level IIIA ballistic 

protection applications. 
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