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Effect of resin properties and preparation processes on the anti-elastic properties of UHMWPE

fiber/waterborne polyurethane composites
ZHOU Ziyan, ZHAI Wen, DONG Bin, WEI Rubin
(Shandong Institute of Non-Metallic Materials, Jinan 250031, China)

Abstract: Using waterborne polyurethane as matrix and ultra-high molecular weight polyethylene (UHMWPE)
fiber as reinforcement, unidirectional and orthogonal composite soft bulletproof layer was prepared. Based on
ballistic penetration test and nondestructive testing, the effects of resin modulus, resin content, fiber development
degree and other technological parameters on the elastic resistance of the soft bulletproof layer of advanced
composites were studied. The results showed that the UHMWPE composites prepared with low resin content, low
modulus resin and proper placement rate showed better ballistic penetration performance. The low resin content
increases the fiber proportion, resulting in more fiber bearing capacity per unit surface density. The low modulus
resin can reduce the stiffness of the composite, allowing more fibers to pull out and break in the affected area.
Although the faster arrangement rate can improve the production efficiency, it will generate more tension and
damage the fiber during the production process. By analyzing the influence of various factors on the ballistic
properties of composites, the technological parameters of ballistic composites can be better designed and the soft
bulletproof layer of advanced composites can be prepared.

Key words: Process parameters; Ultra high molecular weight polyethylene fiber; Waterborne polyurethane;

Ballistic performance
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Finite element analysis of 2D/3D fabric architecture on ballistic
performance of armor-grade panel
YANG Yanfei'*, WANG Yi!, LIUJunzhi!, CAO Wanwan?
(1.School of Intelligent Textile and fabric Electronics, Zhongyuan University of Technology,Zhengzhou,451191, China)

Abstract: In comparison with the common two-dimensional (2D) fabric reinforced composite panel, the
three-dimensional (3D) angle-interlock fabric possesses the binding warp yarns through the thickness direction,
which not only exhibits obvious better interlayer delamination resistance, but also displayed excellent
mouldability for the curved surface, which can be applied for complex doubly-curved shapes without cutting.
However, it is still not fully understood that the mechanisms of different fibers assembly structures of fabrics on
ballistic energy absorption of composite target plates. In this study, several 3D and 2D fabrics with the same areal
weight and weave density, but with different weaves were manufactured and processed into the laminated
panels. Ballistic tests and Finite Element (FE) simulation are used for investigation. Experimental results show that
for a given areal weight of fabric and weave density of yarns, the angle-interlock fabric (TW4) displayed similar
energy absorption as the four-layer twill fabric (TW,), but lower than that of the four-layer plain fabric (PW,)
with the same yarn count. Fabric laminated panel exhibited the same trend. FE results show that in the 3D
angle-interlock fabric, the stress wave velocity is faster in the straight warp and weft yarns in comparison with
the 2D fabric. The binding warp yarns in the 3D angle-interlock fabric are prone to failure earlier due to even
higher crimp ratio, which result in less energy dissipation.

Keywords: Three-dimensional (3D) angle-interlock fabric; Two-dimensional (2D) plain fabric; Ballistic energy

absorption; Finite element analysis; Ballistic performance
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The influence of carbon fiber honeycomb composite forming structures on compression performance
JIA Menglong!, YANG Yanfei', CHEN Meiyi'
(1. Zhongyaun University of Technology, Zhengzhou 451191, China)

Abstract: To investigate the influence of the forming structure of carbon fiber honeycomb composites on their
compressive performance, this study fabricated carbon fiber honeycomb composites with identical specifications
using three different forming structures: unidirectional one-dimensional layup, two-dimensional fabric layup, and
three-dimensional woven integral forming. Compression tests were conducted to compare the compressive resistance
and damage failure modes of the three types of composites. The results revealed that the out-of-plane compressive
strengths of all three composites were comparable and substantially higher than their in-plane compressive strengths
(by approximately tenfold). However, significant variations were observed in their in-plane compressive
performance. The unidirectional one-dimensional honeycomb composite exhibited 41% and 36% higher compressive
strength in the in-plane X-direction compared to the two-dimensional and three-dimensional composites, respectively.
In the in-plane Y-direction, the three-dimensional woven composite demonstrated superior performance, with
compressive strengths 20% and 39% greater than those of the unidirectional and two-dimensional composites.
Moreover, no interlayer delamination occurred during compression, indicating that the honeycomb wall connection
method can effectively enhance in-plane compressive resistance.

Key words : Carbon fiber honeycomb composite; Unidirectional laminate structure; Plain-woven laminate

structure;3D woven honeycomb preform; Compressive performance.
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Study on penetration mechanism of rigid fragments to UHMWPE laminates
DONG Fangdong!, He Liang!", LiJinming'!, WANG Zhijun?, Feng Zhiwei?
(1. Science and Technology on Transient Impact Laboratory, Beijing, 102202, China;
(2. School of Mechanical Engineering, North University of China, Taiyuan 030051, China)

Abstract: In order to reveal the interaction mechanism between the killing element and UHMWPE laminates,
the ballistic test of cemented carbide spherical fragments penetrating UHMWPE laminates was carried out. The
residual velocity of the fragments penetrating the laminates at different incident velocities and the fracture failure
morphology of the laminates at different velocities were obtained. On this basis, based on the wave theory and
energy conservation, the energy dissipation model of spherical penetrating into laminated plates was established, and
the energy transfer laws of different forms in the process of fragment penetration are analyzed. It is found that the
energy transfer caused by shear failure of the middle-layer composite plate in the penetration process is dominant in
various forms of dissipated energy, followed by tensile failure. The comparison with the experimental results shows
that the model established in this paper can effectively describe the penetration process of the fragment into the
laminated plate, which can provide certain reference for the killing mechanism and trajectory design of the protective
target.

Key words: impact dynamics, penetration, UHMWPE, laminates, multi-scale model
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Equivalency methods for high-velocity impact bullet-proof composites and metal

DU Chunlin*23, CHAO Junchao!23, BAI Yang?3#,

GAO Qianchen1’2’3, ZHAO Zhenqiangz’3 ’4, 7ZHANG Chao! 234"

(1. School of Civil Aviation, Northwestern Polytechnical University, Xi'an 710072, China;
(2. Joint International Research Laboratory of Impact Dynamics and its Engineering Applications, Xi’an, Shaanxi,
710072, China;
(3. Key Laboratory on the Impact Protection and Safety Assessment of Civil Aviation Vehicle, Taicang, Jiangsu
215400, China;
(4. School of Aeronautics, Northwestern Polytechnical University, Xi'an, Shaanxi 710012, China)
Abstract: The equivalence method of the impact performance of composite materials has become an important
issue in structural design with the wide application of composite materials in impact and ballistic protection. This
study proposes an impact equivalency analysis method between aramid fiber-reinforced composite material(AFRP)
and metal based on ballistic limit and energy absorption characteristics, and evaluation system. First, a high-fidelity
numerical model of AFRP is verified by high-speed impact target test. Based on the established impact model, the
energy absorption evolution mechanism of metal and aramid composite flat plate at different impact velocities is
comparatively analyzed to quantify the difference in energy dissipation. Then, based on the L-J formula, a reasonable
equivalent model for the energy absorption of composites and metals is established. The impact equivalent
correlation between metals and composites with different thicknesses is revealed, and the proposed iso-ballistic limit
equivalent model compensates for the defects of the iso-energy model. The results show that the proposed
equivalence method can better predict the energy absorption equivalence correlation between metal plates of
different thicknesses and composite materials at high-velocity impact. A theoretical reference for the design of
ballistic and blast resistant composite structures is provided by the equivalency evaluation system established in this
study.
Key words : Aramid composites, high-velocity impact, bullet-resistant metal, impact equivalence method,

energy absorption
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Study on the influence of graphene on the creep behavior of ultra-high molecular weight polyethylene fibers

JIANG Bo'?, WANG Zhengwei'?, CHENG Feng®?, ZHAO Lili*?, WANG Qingna'?, CAO Yiru'?, Ll Jie*?, SU Jiakai*?"

(1. Shandong Nanshan Zhishang Technology Co., Ltd., Longkou 265700, China; 2. Yantai Key Laboratory of Functional Fibers and
Textiles, Longkou 265713, China)

Abstract: UHMWPE fibers with graphene content ranging from 0% to 15% were prepared via a twin-screw
extruder. The creep strain and creep rate of the fibers were measured using constant - load creep tests, and the creep
behavior was predicted using the Burgers model. The results showed that as the graphene content increased from 0%
to 8%, the fiber's creep resistance improved. Within the initial 7.5 s of loading, the creep strain £7.5 decreased from
2.23% to 1.41%, and the creep rate de7.5 dropped from 0.28 s-1 to 0.19 s-1. During the stable loading stage, the
creep strain €12000 fell from 7.95% to 3.86%, and the creep rate del2000 decreased from 3.67x10-4 s-1 to
1.83x10-4 s-1. However, when the graphene content exceeded 8%, fiber agglomeration reduced the creep resistance.
Agglomeration also inhibited the formation of extended-chain crystals of polyethylene macromolecules, causing the
peak temperatures of the fiber's first and second endothermic peaks to decline. The Burgers model could predict the
creep behavior of fibers with different graphene contents well, with a mean square error between the predicted and
experimental results below 0.06. As the graphene content increased, the model's elastic modulus (EM, EK) and
viscosity (nM, nK) parameters rose significantly, confirming graphene's inhibition on polymer chain slippage. As the
graphene content increased, the fiber's elastic modulus rose from 130.3 GPa for pure fibers to 210.3 GPa for fibers
with 15% graphene content. When the graphene content exceeded 8%, the experimental values of fiber elastic
modulus were lower than the theoretical predictions of the Mori-Tanaka model.

Keywords: ultra high molecular weight polyethylene fiber; graphene; Burgers model; creep; Mori-Tanaka
theory; prediction
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Performance study of single-component waterborne epoxy resin-based ultra-high molecular weight
polyethylene fiber composites
SHEN Quanjin, ZHOU Sumeng *, OUYANG Shaoping
(Zhejiang Compolite Technology Co., Ltd., Deqing 313200,China)

Abstract : A one-component waterborne epoxy resin (WER) suitable for ultra-high molecular weight
polyethylene (UHMWPE) fiber non-woven fabric was synthesized. Unidirectional (UD) orthogonal non-woven
fabric and composite panels were prepared using a winding-composite-hot pressing process. The resin's resistance to
high/low temperatures and aging properties were investigated, along with the storage stability of WER-based
UHMWPE non-woven fabrics under accelerated aging tests. The mechanical performance of composite panels at
different temperatures and the ballistic limit V50 value were also studied. The results indicate that the epoxy resin
exhibits favorable high temperature resistance, the tensile shear strength of WRE resin is maintained at a high level
at 80°C, And at a low temperature of -40°C, the performance does not decrease compared with the normal
temperature state. Through accelerated aging simulations and calculations using the Arrhenius equation, the epoxy
adhesive demonstrates performance attenuation after approximately 279 days in a 23°C environment. The
WER-based non-woven fabric displays excellent storage stability, maintaining stable performance for about 117 days
under 23°C conditions. Evaluated through V50 ballistic testing, the ballistic performance of WER matrix composites

was almost unchanged after 400h with testing under Double 85 conditions .

Key words:  Ultra-high molecular weight polyethylene (UHMWPE) fiber; single-component waterborne

epoxy resin; high/low-temperature resistance; storage stability
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Advances in the Application of Ultra-High Molecular Weight Polyethylene Fibers in Ballistic and
Blast-Resistant Composite Materials
ZHANG Lili*" 2, JIANG Bo!, ZHAO Liang® 2, CAO Yiru!, SU Jiakai'' 2, LIU Meina® 3
(1.Shandong Nanshan Zhishang Technology Co., Ltd. Yantai, Shandong 265706;2. Key laboratory of Functional
fibers and textiles, Yantai City 265706;3. Yantai Nanshan University, Yantai, Shandong 265700)

Abstract : Ultra-high molecular weight polyethylene fibers have become a core component in ballistic and
blast-resistant composite materials due to their high specific strength, lightweight nature, and excellent energy
absorption capabilities. This paper provides an in-depth analysis of the properties of UHMWPE fibers and their
critical role in the protective mechanisms of composite materials. It systematically reviews recent advances and
performance optimization strategies in key application areas such as ceramic composite armor, metal-based
laminated structures, and hybrid systems. Particular emphasis is placed on innovative strategies—such as advanced
surface functionalization, biomimetic gradient/multiscale architectures, and multifunctional integration—that have
led to breakthroughs in enhancing interfacial strength, energy absorption efficiency, and resistance to multiple
impacts. Despite significant progress, intrinsic challenges remain, including the material's limited thermal resistance,
the lack of core domestic production technologies for high-end fibers, and the need for cross-scale simulation and
standardized evaluation systems. Future development trends are expected to focus on smart responsive composites,
green and sustainable manufacturing, and integrated multifunctional materials.

Key words : UHMWPE fiber ; bulletproof and blast-resistant ; biomimetic structural design ; interfacial

modification; energy absorption mechanism; multifunctional integration.
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Application of polyborosiloxane shear-shickening gel in bulletproof and explosion-proof fields

%
SU Jiakai ~ JIANG Bo " ,LIU Meina",RONG Zhizong ~,CAO Yiru~ ,ZHAO Lili
(1. Shandong Nanshan Zhishang Technology Co., Ltd.,Yantai 265706,Shandong,China;
2. School of Textile and Apparel, Yantai Nanshan University, Yantai 265706,Shandong,China;

3. Yantai City Key laboratory of Functional fibers and textiles, Yantai 265706,Shandong,China)
Abstract : Polyborosiloxane shear-thickening gel (PBS-STG) is an intelligent material that combines

shear-thickening properties with high stability. Its unique dynamic cross-linked network structure enables rapid
hardening under high-speed impact, effectively absorbing energy and dispersing impact forces, while maintaining
softness and lightweight characteristics under static conditions. This article systematically analyzes the molecular
structure and properties of polyborosiloxane, as well as the principle of bulletproof and explosion-proof effects, and
focuses on exploring its application status in the fields of bulletproof vests, bulletproof armor, explosion-proof glass,
explosion-proof clothing, explosion-proof containers, and shields.By integrating the latest research advances, this
study also summarizes existing technical bottlenecks and future development directions, providing insights for the
design of high-performance protective materials.

Key words : Polyborosiloxane; shear-thickening gel; bulletproof and explosion-proof; self-healing; energy

absorption; lightweighting
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Gradient design and ballistic performance of hybrid fiber composites
ZHANG Huihui" 2*, QIN Bin" 2, DONG Fangdong'" 2
(1.Institute of Ordnance Equipment, China South Industries Group Corporation, Beijing, China 102202;
2.National Key Laboratory of Transient Impact, Beijing, China 102202)

Abstract: This study investigated the influence of gradient design on the ballistic performance of aramid fiber
and ultra-high molecular weight polyethylene (UHMWPE) fiber hybrid composites. Five gradient schemes with
varying UHMWPE content (corresponding to 0, 10, 20, 30 and 40 layers, representing 0% to 100% UHMWPE
content) were designed, with the total areal density strictly controlled below 6 £0.05 kg/m? for all configurations.
Ballistic tests were conducted, utilizing both aramid and UHMWPE as the impact faces, to systematically analyze
the effects of fiber content and stacking sequence on the ballistic limit velocity (V50) and ballistic performance
index (BPI) of the laminates. Based on the experimental data, a cubic nonlinear regression quantitative relationship
model (R? > 99%) between fiber content and ballistic performance is established, which provides a scientific basis
for the gradient design of hybrid fiber composites and the development of ballistic protection equipment.

Key words : Hybrid fibers; Composites; Gradient design; Aramid; UHMWPE; Ballistic limit velocity (V50);

Ballistic performance index (BPI)
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Effects of the polyurethane sizing agent on surface and its interfacial properties for the aramid fiber
Deng Zhikang?, Zhang peng?, Kong Haijuan?, Yu Muhuo'?
(1.School of Materials Science and Engineering, Shanghai University of Engineering Science, Shanghai201620,
China
2. School of Materials Science and Engineering, Donghua University, Shanghai, 201620, China)

Abstract: Waterborne polyurethane (WPU) sizing agent was used to modify aramid fiber (AF)and improve the interfacial
bonding properties for AF and polyurethane resin (TPU). The structure, surface element composition and morphology of AF were
characterized by Fourier transform infrared spectroscopy, X-ray photoelectron spectroscopy and scanning electron microscopy. The
results showed that WPU sizing agent was successfully coated on the AF surface. The effects of WPU content on the surface energy,
tensile strength of AF single-filament, interlaminar shear strength of aramid fibers and TPU were studied. It is found can improve the
surface roughness and surface energy of fiber surface with various WPU content. When the content of WPU sizing agent is 0.8wt.%,
the surface energy of WPU-AF is increased by 28.91%. while the interlaminar shear strength is 32.7MPa, increased by 37.9%.

Key words: polyurethane; aramid fiber; interfacial bondin
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Damage mechanism of ceramic/ultra-high molecular weight polyethylene fiber composite armor plate against

armor piercing projectile
Zhou Qing
(1. Beijing Protech New Material Science Co., Ltd. )

Abstract: The ceramic was used as panel material, and UHMWPE laminate was used as back plate material. Ceramic/UHMWPE
composite armor plate was prepared by resin film infusion. The composite armor plate was impacted by armor piercing projectile to
study the anti-penetration performance. Based on X-ray computed tomography (CT) technology and fracture morphology observation,
the ballistic response mechanism of composite armor plate was analyzed.Further, the fragmentation behavior of ceramics and the
damage mode of the post-impact ceramic/UHMWPE composite armor plate were explored. The results show that the damage region of
ceramics presents a double cone shape. The response region of the ceramic includes the advanced fragmentation zone on the back face
of the ceramic plate, the remaining ceramic plate after ballistic penetration, and the fragment-complete pulverization zone directly below
the projectile. There is an obvious positive correlation between the free surface cone angle of B4C ceramics and the anti-penetration
performance of composite armor plate.The damage modes of post-impact composite armor plate include SiC fragmentation, interface
failure between ceramic and UHMWPE, adiabatic shear failure, tensile deformation and delamination failure of UHMWPE. The
response process of ceramic/UHMWPE composite armor plate includes shock wave propagation process and the generation of free
surface formation in ceramics, ceramic fragmentation process, and the coupling process of compression, shear, and tension of
UHMWPE laminate.

Keywords: ceramics; ultra-high molecular weight polyethylene; composite armor plate; armor piercing projectile; ceramic

fragmentation; damage modes; damage mechanism
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Application Status and Development Trends of Soft Ballistic Materials in Personal Protective Equipment
Zhenkun Chen!
(1. Beijing Tongyizhong New Materials Technology Co., Ltd. )

Abstract:This study aims to systematically evaluate the current application status of soft ballistic materials in personal protective
equipment (PPE) and explore their development trends. By comparatively analyzing the ballistic mechanisms and performance
parameters of para-aramid woven fabrics, heterocyclic aramid woven fabrics, para-aramid unidirectional (UD) fabrics, and ultra-high
molecular weight polyethylene (UHMWPE) UD fabrics—combined with ballistic impact testing, mechanical property evaluations, and
practical application cases —the core differences among these four materials are revealed. The results indicate that para-aramid and
heterocyclic aramid woven fabrics exhibit superior shear resistance due to their warp-weft interlaced structures, but their specific energy
absorption (190 - 290 J/(kg/m?)) for 9mm lead-core projectiles is lower than that of UHMWPE UD fabrics (270 - 470 J/(kg/m?)).
Para-aramid UD fabrics achieve multi-angle energy absorption through laminated bonding, improving their 9mm V50 values by 10% -
15% compared to para-aramid woven fabrics. UHMWPE UD fabrics dominate lightweight protection with tensile strengths exceeding
45 cN/dtex and low density, yet suffer from high-temperature creep and poor shear resistance. Current application patterns show that
foreign soft ballistic layers adopt hybrid lightweight-soft structures (NIJ IIIA, areal density =3.17 kg/m?, thickness ~5 mm) combining
para-/heterocyclic aramids and UHMWPE, while domestic and underdeveloped regions utilize heavy-hard-thick structures (NIJ IIIA,
areal density =4.4 kg/m”, thickness =10 mm) integrating aramid/UHMWPE with impact-buffering materials. Future trends will focus
on ultra-lightweight, ultra-thin, and ultra-soft ballistic materials, as well as multifunctional designs, achieving synergistic breakthroughs
in protection performance (15% - 20% weight reduction under NIJ IIIA standards) and wear comfort through multiscale structural
design and biomimetic principles.

Keywords:Soft ballistic materials; aramid woven fabrics; aramid unidirectional (UD) fabrics; ultra-high molecular weight

polyethylene (UHMWPE) UD fabrics; personal protective equipment
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Engineering design of textile reinforcing structures for impact resistant composites
Min Shengnan
(1. Beijing Institute of Fashion Technology )

Abstract: Compliant fabrics and textile reinforced composites based on high-performance fibers can be engineering designed
into ballistic and stabbing protective materials, thus providing the possibility for the lightweight personal protective equipment design.
This report summarizes the research progress in textile structural design for impact resistant composites in recent years from three
aspects: the research progress in impact protective woven textile structures, the design of three-dimensional woven fabrics for soft
armors and textile composites. Taking the female body armor, one-piece ballistic helmet shell, ballistic & stab-resistant (dual-protection)
composite materials as examples, the contribution of textile structure design to the improvement of impact resistance is demonstrated. It
is expected that the structural design of textile reinforcements can contribute more to the lightweight applications in personal protection
and aerospace composites in the future.

Keywords: 3D woven fabric, Impact protection, Ballistic helmet, Ballistic & Stabbing Resistant
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Research on the Energy Dissipation Law of Small-caliber Lead-core Bullets Penetrating Soft Protective
Targets

Li Jinming
(1. National Key Laboratory of Transient Impact )

Abstract: In order to study the energy release and transfer law of rifle bullets with lead-core structure when they impact soft
protective gelatin at low speeds, first, an experimental study is carried out on the ultimate penetration speed of small-caliber bullets
penetrating soft protection. The ultimate penetration speed of the bullet penetrating soft protection is obtained. Then, experiments and
numerical simulations are conducted on the bullet head penetrating soft protective gelatin at speeds lower than this speed. The bullet
head deformation, the number of layers of soft protection penetrated, and the gelatin bulging process in the simulation calculation results
are compared with the experimental results to verify the accuracy of the numerical simulation. Furthermore, the results of the numerical
simulation are further analyzed, and the force, energy transfer, and changes when the bullet penetrates the soft protective gelatin without
penetration are analyzed. The relationship between the energy absorption of the soft protection and the gelatin and the energy dissipation
law in this process are obtained. The results show that the fragmentation of the bullet head is the main reason for energy dissipation.
Under normal penetration, the energy absorption of the soft protection and gelatin increases with the increase in speed, and the energy
dissipated by the bullet head also continuously increases. The larger the incident angle is, the smaller the energy absorption of the gelatin
is as the incident angle increases, and the proportion of the energy dissipated by the bullet head and the energy absorbed by the soft
protection continuously increases. The research results can provide technical guidance for the design of bullets and individual
protection.

Keywords: SC bullet; Energy dissipation; Transfer; Soft protection
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