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ABSTRACT
Introduction. Modern requirements for personal and local armor protection dictate the creation of lightweight, durable, and 
efficient materials that can withstand a variety of threats, including shrapnel and low-velocity bullets. Conventional metal armor 
panels, while reliable, have a significant weight that limits their use. At the same time, ceramic materials, although they provide 
a high level of protection, are prone to the formation of secondary fragments upon impact. In this regard, composite materials such 
as aramid fibers and ultra-high-molecular-weight polyethylene (UHMWPE), which combine low weight with high strength and resis-
tance to dynamic loads, are of particular interest. The article discusses the development of multilayer plates made from composite 
materials for personal and light armor protection. Methods and materials. Multilayer structures, including UHMWPE and aramid 
fabrics, were used to create armor plates. These structures were impregnated with epoxy resin and bioadditives such as collagen. 
The paper proposes a technology for the production of multilayer plates using aramid fabric and bioadditives. The technological 
process consisted of several steps: 1) a comprehensive study of the selected polymer materials with experimental determination 
of rigidity and strength characteristics; 2) cutting the fabric using a laser machine; 3) manufacturing an armor plate depending on 
the material and the loads subjected to it. Composite plates made from UHMWPE were created through hot molding using a press 
mold, and they consist of varying numbers of material layers. Multilayer elements (up to 30 layers) were made from aramid fabric 
with epoxy resin with bioadditives, which impart new elastoplastic properties to the material. Results. The ANSYS software package 
was used to calculate the strength of a multilayer composite plate under shock loading; field testing of the obtained plates as armor 
protection were also conducted, demonstrating good agreement with the calculations. Discussion. The obtained combined armor 
plates are highly effective in absorbing kinetic energy and preventing fragment penetration. Adding bioadditives to the epoxy matrix 
increased the interlayer defect zone, which contributed to the dissipation of impact energy. According to the authors, when adding 
bioadditives, the material acquires high fracture toughness. Conclusion (Findings). The developed armor plates offer a combina-
tion of low weight, no ricochets, and minimal deformation behind the barrier. This makes them promising for use in personal and 
local protective equipment. The use of bioadditives has improved the mechanical properties of the composite materials, and the 
test results confirm that the products comply with the Br3 protection grade, with a weight reduction of 25–30% compared to the 
analogues. The resulting products (low weight, absence of ricochet and traumatic consequences after impact) make them suitable 
for use as protection against shrapnel and pistol bullets. 

KEYWORDS: plate, composite materials, technology, bioadditives, interlayer defects, lightweight armor, mold

ACKNOWLEDGEMENTS: The research was carried out within the framework of the RB grant No. 505 for the implementation of 
the strategic academic leadership program “Priority-2030”; within the framework of the state assignment of the Baikal Institute of 
Nature Management SB RAS No. 0273-2021-0007.

FOR CITATION: 
Bokhoeva L.A., Rogov V.E., Bochektueva E.B., Baldanov A.B., Ivanov R.P. Development of armored products made from multilayer compos-
ite plates. Nanotechnology in Construction. 2025;17(2):201–209. https://doi.org/10.15828/2075-8545-2025-17-2-201-209. – EDN: XEBLGZ. 

Development of armored products made from multilayer 
composite plates

© Bokhoeva L.A., Rogov V.E., Bochektueva E.B., Baldanov A.B., Ivanov R.P., 2025

CC BY 4.0

Lyubov A. Bokhoeva1 , Vitaly E. Rogov2 , Elena B. Bochektueva1 , Aldar B. Baldanov1* , Roman P. Ivanov1 
1 East Siberian State University of Technology and Management, Ulan-Ude, Russia 
2 Baikal Institute of Nature Management, Siberian Branch of the Russian Academy of Sciences, Ulan-Ude, Russia

* Corresponding author: e-mail: aldarbaldanov@gmail.com

http://nanobuild.ru/ru_RU/
https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0001-6986-4307
https://orcid.org/0000-0002-2249-0827
https://orcid.org/0000-0001-5595-5670
https://orcid.org/0000-0001-7655-215X
https://orcid.org/0009-0007-9248-037X


http://nanobuild.ru	 info@nanobuild.ru

Nanotechnologies in construction
Нанотехнологии в строительстве

2025; 17 (2): 
201–209

202

SYSTEM SOLUTIONS TO TECHNOLOGICAL PROBLEMS

Разработка бронированных изделий из многослойных 
композиционных пластин

Любовь Александровна Бохоева1 , Виталий Евдокимович Рогов2 , Елена Баторовна Бочектуева1 ,  
Алдар Батомункуевич Балданов1* , Роман Петрович Иванов1 
1 Восточно-Сибирский государственный университет технологий и управления, Улан-Удэ, Россия 
2 Байкальский институт природопользования Сибирского отделения Российской академии наук, Улан-Удэ, Россия

* Автор, ответственный за переписку: e-mail: aldarbaldanov@gmail.com

AННОТАЦИЯ
Введение. Современные требования к средствам индивидуальной и локальной бронезащиты диктуют необходимость 
создания легких, прочных и эффективных материалов, способных противостоять разнообразным угрозам, включая осколки 
и низкоэнергетические ударные нагрузки. Традиционные металлические бронепанели, несмотря на свою надежность, об-
ладают значительным весом, что ограничивает их применение. В то же время керамические материалы, хотя и обеспечивают 
высокий уровень защиты, склонны к образованию вторичных осколков при ударе. В этой связи особый интерес представляют 
композиционные материалы, такие как арамидные волокна и сверхвысокомолекулярный полиэтилен (СВМПЭ), которые 
сочетают малый вес с высокой прочностью и устойчивостью к динамическим нагрузкам. В работе представлена разработка 
многослойных пластин из композиционных материалов, применяемых для средств индивидуальной и локальной легкой 
защиты. Методы и материалы. Для изготовления бронепластин использовались многослойные структуры, включающие 
СВМПЭ и арамидные ткани, пропитанные эпоксидной смолой с биодобавками (коллаген). В работе предложено изготов-
ление многослойных пластин из арамидных тканей с применением биодобавок. Процесс состоит из нескольких этапов: 
1) комплексное исследование выбранных полимерных материалов с экспериментальным определением жесткостных 
и прочностных характеристик; 2) раскрой ткани с использованием лазерного станка; 3) изготовление бронепластины в зави-
симости от материала и подвергаемых нагрузок. Композитные пластины из СВМПЭ получены методом горячего формования 
под пресс-формой и состоят из разного количества слоев материала. Многослойные элементы (до 30 слоев) изготавливали 
из арамидной ткани с эпоксидной смолой с биодобавками, которые придают материалу новые упругопластичные свойства. 
Результаты. В программном комплексе ANSYS сделан расчет на прочность многослойной композиционной пластины 
от действия ударной нагрузки; также проведены испытания полученных пластин в качестве бронезащиты, демонстриру-
ющие хорошую сходимость с расчетами. Обсуждение. Полученные комбинированные бронепластины обладают высокой 
эффективностью в поглощении кинетической энергии и предотвращении проникновения осколков. Добавление биодобавок 
в эпоксидную матрицу увеличило зону межслойного дефекта, что способствовало диссипации энергии удара. По мнению 
авторов, при добавлении биодобавок материал приобретает высокую вязкость разрушения. Заключение (Выводы). Раз-
работанные бронепластины сочетают малый вес, отсутствие рикошета и минимальные запреградные деформации, что 
делает их перспективными для использования в средствах индивидуальной и локальной защиты. Применение биодобавок 
улучшило механические свойства композитов, а результаты испытаний подтвердили соответствие изделий при снижении 
массы на 25–30% по сравнению с аналогами. Полученные изделия (небольшой вес, отсутствие рикошета и травматических 
последствий после удара) обеспечивают возможность использования их в качестве защиты от осколков и ударных нагрузок.

КЛЮЧЕВЫЕ СЛОВА: пластина, композиционные материалы, технология, биодобавки, межслойные дефекты, легкая броня, 
пресс-форма
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INTRODUCTION

Currently, the development of lightweight and ultra-
strong armor products with improved properties and 
parameters compared to existing analogues is of great 

importance. According to world military statistics, 30% 
of bullet wounds account for 70% of shrapnel injuries 
among personnel. Therefore, an important role in 
protecting against shrapnel and low-velocity weapon 
impacts (pistol bullets) is played by armor. Armor ab-
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SELECTING MATERIAL FOR LIGHTWEIGHT ARMOR 
PROTECTION

Fabrics based on aramid and UHMWPE fibers have 
been considered as promising materials for armored prod-
ucts.

Aramid fibers, made from polyparaphenylene tere-
phthalamide, are an extremely strong material that has 
five times the strength of steel. At the same time, they are 
relatively lightweight, with a density of only 1.44 grams 
per cubic centimeter.

UHMWPE exhibits unique mechanical properties, 
has high wear resistance, impact resistance, abrasion 
and abrasive wear, surpassing other polymers and many 
steel grades in these qualities (density is 0.95 g/cm³). It 
is known [7, 17] that UHMWPE fibers have a specific 
fibrillar structure, which is formed by fibrillar proteins. 
Fibrillous proteins give tissues and structures rigidity, 
strength, elasticity. Some of the main structural pro-
teins – animal connective tissues include collagen and 
elastin, as well as keratins in hair and horn formations 
and fibroin in natural silk, etc. Fibrils in UHMWPE fi-
bers have a “shish-kebab” structure that is 50–70 nano-
meters long. This “shish-kebab” – like structure is a 
unique structure to polymers that resembles disks or 
plates strung on a common rod. The ability of polymer 
fibers with this fibrillar structure to resist high-speed 
impacts is ensured by a complex mechanism that inhibits 
crack growth:
•	 The splitting off microfibrils from the surface of the 

fibers during deformation and the accumulation of 
defects create barriers in the path of cracks;

•	 The rounding off of the crack tip due to multiple stages 
of relaxation processes and the forced damping of vi-
brations;

•	 Low sensitivity of fibers to stress concentrators.

PLATE MANUFACTURING TECHNOLOGIES

A technology for manufacturing multilayer plates 
used for personal and local lightweight armor protection 
has been developed [3, 18–22]. At the first step, a com-
prehensive study of the selected polymeric materials was 
conducted. The mechanical properties of the individual 
layers of selected materials were obtained in order to cal-
culate the strength of the multilayer plate. The samples 
used were strips of UHMWPE films, Kevlar fabric, and 
aramid fabric. 

Tensile testing of 150×20 mm samples was conducted 
in accordance with GOST 11262 using an INSTRON 
3368 testing machine (Figure 1), with a gripping speed 
of 10 mm/min. Figures 2 and 3 show the graphs of the 
dependence of the load on deformation during sample 
stretching; the values of the material stiffness properties 
were obtained: for one, two, and three layers.

sorbs the energy of the impact and prevents shrapnel 
from penetrating the body. Lightweight armor is used 
in personal armor protection (bullet-proof vests, armor 
shields, armored helmets, shoes), as well as for local 
protection of vehicles and helicopters [1–4]. Polymer 
armor made from non-impregnated polymer binder 
fabrics with a specific weave of fibers is used to protect 
helicopter structures against high-speed impacts.. For 
many years, metal armor has been used in passenger 
vehicles, made from special armored steels. However, 
this type of armor can increase the weight of the car to 
its maximum. The authors believe that composite armor 
is the most effective way to protect vehicles. Compos-
ite armor has several advantages over other protective 
structures, such as lower weight and increased comfort 
for the driver and passengers. 

The thickness of woven armor packages produced by 
different manufacturers varies from 6–7 mm for the first 
protection class to 18–20 mm for the second protection 
class. These protective structures may include shock ab-
sorbers designed to reduce the risk of human injury.

To withstand multiple high-speed, high-energy im-
pacts of varying intensity and flying fragments, armor 
plates made from various materials are used. These in-
clude special metal alloys, which are used to create metal 
armor panels. Additionally, ultra-high molecular weight 
polyethylene and ceramic materials made from various 
metal oxide powders are also used [7–16].

Advantages of metal armor panels include: low cost, 
small thickness, high survivability, and operational dura-
bility. Their main disadvantage is high ricochet ability and 
weight. Ceramic panels have a high protection class and 
a relatively low weight, but they form multiple damaging 
fragments upon impact. The lightest available armor op-
tion is composite plates made from UHMWPE, which 
have low weight and no ricochet, but may cause signifi-
cant deformations behind the armor and injure a person.

The disadvantages of the presented materials do not 
always allow creating the necessary anti-fragmentation 
protection; therefore, armor plates are produced as a com-
bination of several different materials (sandwich package). 
Practice has shown that the first component of the protec-
tion takes on a high-speed impact and ensures maximum 
energy extraction of the striker. The rear elements of the 
armor plate must be sufficiently rigid and not subject to 
large deformations.

Optimum performance characteristics of armor can be 
achieved by using the potential of existing types of com-
posites, as well as by combining properties that correspond 
to the maximum capabilities for minimum weight and 
strength of a particular composite material or structures 
made from this material.

This article discusses the development of multilayer 
plates made from composite materials that are used for 
personal and local lightweight armor protection.
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Cutting of the material fabric is the second step in 
the process of manufacturing armor plates. The fabric 
for the plates is cut into pieces of a specific size using 
a stencil. It is important to avoid the formation of folds 
and overlaps when laying the fabric in the mold.

The fabric was cut using a Kamach laser cutting ma-
chine, where geometric parameters of the plate were set. 
During the cutting process of aramid fabric or oriented 
polyethylene, some issues arise that are common to 
most fabrics and specific to aramid fibers. If the fabric 
is not symmetrical, the bending of the warp and weft 
threads is different, these differences must be taken into 
consideration when cutting. Additionally, the direction 
of warp orientation must also be considered when laying 
out layers of fabric. 

The third step of the process is the production of an 
armor plate. This plate consists of two main compo-
nents: a multilayer material made from UHMWPE and 
aramid fabric package impregnated with epoxy resin 
containing bioadditives. The initial components of the 
armor plates take on a high-speed impact and ensure 
maximum extraction of the kinetic energy of the impac-
tor and break through the “crushing” mechanism. Such 
elements require fabric with a structure that effectively 
converts the local impact of the striker into a defor-
mation cone distributed over the volume. UHMWPE-
made fabrics have such a structure. The first elements 
of the composite plates are created through hot molding 
process and consist of a varying numbers of layers of 
UHMWPE material with a thickness of 0.3 mm (up to 
100 layers).

Fig. 1. Electromechanical tensile testing machine 
INSTRON 3368

Fig. 2. Graphs of the dependence of the load on the deformation during the stretching of samples made from 
aramid fabrics and Kevlar fabrics
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The layers are a film of a set of aligned filaments 
connected to each other. To produce UHMWPE plate 
elements, we developed a heated high-pressure mold 
made of aluminum and steel, which was modeled and 
manufactured (see Figure 4). Using 3D modeling soft-
ware products NX10 and ANSYS, we modeled a high-
pressure mold for working with polymer materials. Hot 
forming at temperatures up to 150 °C allows us to obtain 
high-quality blanks that accurately reproduce the desired 
shape. The finished products are cooled with the mold. 
The entire process takes between 10 and 24 hours to com-
plete, depending on the temperature and thickness of the 
multilayer elements being produced. 

The rear multilayer armor plates should not undergo 
significant deformation, which helps minimize human 
injuries. Therefore, they are made from dense aramid 
fabrics. The multilayer elements, which can be up to 
30 layers thick, were made from aramid fabric com-
bined with epoxy resin (ED-20 GOST 10587-84) with 
bioadditives. As a bioadditive, we used a bioactive mate-
rial – collagen (dried or in the form of a gel), obtained 
in VSGUTU from animal skin waste. The bioactive 
material has a sour-milk composition or lactic acid and 
belongs to fibrillar proteins. Therefore, the bioadditives 
introduced into the brittle epoxy resin impart new elas-
tic-plastic properties to the material [17, 23–24]. When 

Fig. 3. Graphs of the dependence of load on deformation during the stretching of UHMWPE samples

Fig. 4. The process of installing and configuring the high-pressure mold
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Fig. 5. Damage area of ​​a plate made from aramid fabric with the addition of bioadditives to the epoxy matrix up to 
10%

using bioadditives, both empirically and theoretically, 
we encounter the problem of uncertainty in the distribu-
tion of particles by volume in the matrix. A method for 
introducing bioadditives with varying mass concentra-
tions (between 5–15% by weight) has been developed 
and a new approach for their evenly distribution in the 
polymer matrix of the composite has been proposed [25]. 
The introduction of bioadditives into the matrix of the 
polymer composite material allows changing the physical 
and mechanical properties. However, there is a problem 
with their evenly distribution on the surface of the epoxy 
resin. There are several main methods for incorporat-
ing bioadditives into composite materials. One of these 
methods is by mixing the bioadditives with epoxy resin 
using a mixing machine that rotates the platform and 
the container. For better processing, zirconium oxide 
(ZnO2) balls can be added to the suspension with ED-20 
epoxy resin with bioadditives, the total mass is equal to 
the mass of the mixture. As a result of rotation in the 
container, the balls create shear forces that promote the 
destruction of agglomerates and evenly distribution of 
bioadditives in the epoxy resin.

It can also be used an AG SONIC TC-150B ultrasonic 
bath with water heated to 45 °C for evenly distribution of 
bioadditives in the epoxy resin. An ultrasonic bath reduces 
the occurrence of air bubbles formed during mechanical 
mixing and promotes evenly distribution of particles. In 
this research for evenly distribution of bioadditives in the 
epoxy resin, authors used an AG SONIC TC-150B ultra-
sonic bath with water heated to 45 °C. According to the 
authors, kinetic energy dissipation during a low-velocity 
impact in multilayer composite structures is observed 
due to an increase in the interlayer defect zone. Studies 
of defects in the plate after testing have shown that the 
area of ​​interlayer destruction is significantly higher in 
modified layered composite materials with bioadditives 
[26]. It was found that after testing for impact load, the 

impactor velocity decreased by 30–45%, while the inter-
layer defect zone increased, the material had high fracture 
toughness. The analysis of plate damage was made in the 
ANSYS software package. In the ANSYS/LS-DYNA 
finite element system, with additional modules, we have 
developed dynamic models of the destruction of multi-
layer plates and the appearance of defects or holes due 
to a high-speed impact from a striker. 3D models of the 
striker and multilayer plate have been created, which 
correspond to the experimental samples. 

Models of plates up to 100 layers made from 
UHMWPE and up to 30 layers made from aramid fabrics 
have been built. The calculation of each computer experi-
ment takes from 6 to 8 hours. In the modeling, we used 
the mechanical properties of the composite materials, 
which were determined using both calculated analytical 
formulas and experimental methods [20, 24, 26]. The 
samples were subjected to impact tests at an impact 
speed of 380–500 m/sec. Fig. 5 shows the damage area​​ 
to a plate made from aramid fabric with the addition of 
bioadditives to the epoxy matrix up to 10%. Fig. 6 shows 
the damage area to a plate made from aramid fabric 
with the addition of bioadditives to the epoxy matrix 
up to 1%. The strength calculation of the multilayer 
composite plate under the action of an impact load has 
been performed. 

The following damage areas have been identified: 
1 – no damage (blue indicator); 2 – interlayer defects 
(yellow, green indicator); 0 – complete destruction (red 
indicator). Fig. 5 shows the area of damage to the plate 
(interlayer defects) – 32% of the total area of the plate. 
Fig. 6 presents the damage area of ​​the plates – 18%. Each 
layer reduces the impact, while an increase in the inter-
layer defect zone is observed, which corresponds to the 
results of experimental studies.

The back multilayer elements of the plate were ob-
tained by molding in a low-pressure mold. To manufac-
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At the final stage of armor plate production, multi-
layer plates are bonded and sheathed. The resulting ar-
mor plate and elements are weighed, their thickness and 
dimensions measured, and recorded in the armor plate 
production protocol. Armor plates with a protection class 
of Br3 weigh 1300 ± 5% grams, which is 25–30% less than 
existing counterparts.

TESTING THE LIGHTWEIGHT ARMOR PROTECTION

The development of a composite material for light-
weight armor is guided mainly by the results of experi-
mental testing, due to the complex nature of the processes 
that occur at dynamic loading rates [27, 28]. Field tests 
were conducted using an impactor with a speed ranging 
from 390 to 410 meters per second. The test temperature 
was up to ±40 degrees Celsius, and the humidity was up 
to 100 percent. All test results were recorded in the test 
protocol.

CONCLUSION

The main advantage of the new armor plates is their 
lightweight design, which eliminates the risk of ricochets 
and recoil on the wearer’s chest, thereby reducing the 
likelihood of traumatic injuries after impact. Additionally, 
these plates do not produce any fragments. A technology 
for manufacturing multilayer plates from aramid fibers 
with bioadditives has been developed. Field testing of the 
obtained plates as armor protection has been conducted. 
The obtained products provide the possibility of using 
them as protection against fragments and pistol bullets. 
The results of these tests have shown that the plates are 
able to withstand both shrapnel and pistol bullets.

Fig. 6. Damage area of ​​a plate made from aramid fabric with the addition of bioadditives to the epoxy matrix up to 1%

Fig. 7. Low pressure mold made from polymeric 
materials

ture the plate elements from aramid fabrics, a low-pres-
sure mold made of unreinforced polymers was designed, 
modeled and manufactured. A low-pressure mold made 
from polymer materials was developed and modeled us-
ing 3D modeling software products in NX10 and ANSYS 
(Figure 7).

When molding in a press, the cut prepreg (aramid 
material and uncured resin with bioadditives) is placed 
in a mold (matrix), clamped with the mold’s counterpart 
(punch), and an external pressure of 15 tons is applied so 
that the product acquires the required shape. The pressure 
is maintained until the resin has hardened. The manu-
facturing process for one multilayer element can take up 
to 24 hours.
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