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Abstract 

The mechanical performance, thermal behavior, and 

appropriateness for impact and ballistic applications of 

modern hybrid composite materials are the main topics 

of this study's thorough research. When compared to 

traditional materials, hybrid polymer matrix composites 

reinforced with blends of natural and synthetic fibers 

exhibit better strength-to-weight ratios, better energy 

absorption, and higher impact resistance. While matrix 

selection is crucial in defining the final composite 

performance, the addition of multilayer laminate 

structures further enhances structural integrity. 

Differential scanning calorimetry (DSC) is used in this 

context as an efficient preselection tool for epoxy-based 

matrices, allowing for the optimization of mechanical 

qualities, thermal stability, and curing behavior while 

lowering experimental costs and material waste.[12] 

 

Furthermore, the shift from conventional metallic armor 

to lightweight fiber-reinforced composites, such as 

aramid, ultra-high molecular weight polyethylene 

(UHMWPE), and ceramic-based hybrid systems, which 

offer better kinetic energy dissipation and lower density, 

is highlighted by recent advancements in bulletproof 

composite systems. It has been demonstrated that the 

combination of fiber architecture, matrix composition, 

and hybridization procedures greatly affects durability, 

deformation behavior, and ballistic performance. All 

things considered, the combination of cutting-edge 

material selection techniques with hybrid composite 

design is a viable route for creating next-generation 

lightweight, high-performance structures for defense, 

automotive, and aerospace applications.[25] 
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1. Introduction 

In industries including aerospace, automotive, marine, 

and defense, the need for materials that are lightweight, 

strong, and energy-efficient has grown dramatically in 

recent years. Despite their strength, conventional 

metallic materials frequently have high densities, 

corrosion, and little design freedom. Because of their 

better specific strength, stiffness, corrosion resistance, 

and ease of manufacture, polymer matrix composites 

(PMCs) have become a promising alternative. These 

materials allow for substantial weight reduction while 

preserving or even improving structural performance, 

which raises system and fuel economy.[2] 

 

Because they blend two or more types of fibers or 

matrices within a single structure to produce specialized 

features, hybrid composites have drawn a lot of attention 

among advanced composite systems. Hybrid composites 

provide a balanced solution by combining natural fibers 

like jute, hemp, and sisal with synthetic fibers like glass, 

carbon, and aramid. a blend of affordability, 

environmental sustainability, and mechanical 

robustness. Additionally, hybridization enhances fatigue 

behavior, impact resistance, and energy absorption 

properties, making these materials appropriate for high-

load and dynamic applications.[19] 

 

The choice of a suitable matrix system, which controls 

load transfer, environmental resistance, and thermal 

stability, is a crucial component of composite 

performance. Because of its superior mechanical 

qualities,  dimensional stability,  and 
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robust adherence to reinforcement fibers, epoxy resins 

are employed extensively. However, because there are 

so many different formulations available, choosing the 

best matrix compositions is still difficult. In this regard, 

differential scanning calorimetry (DSC) has become a 

useful analytical method for assessing glass transition 

temperature, activation energy, and curing behavior. 

This allows for effective matrix system preselection 

prior to full-scale composite manufacture. This method 

improves composite design reliability while cutting 

down on experimental time, expense, and material 

consumption.[25] 

 

Hybrid composites are being investigated more and 

more for impact-resistant and ballistic systems in 

addition to structural uses. Conventional armor 

materials, like steel, offer protection but come with a 

significant weight and secondary fragmentation risk. 

Ultra-high molecular weight polyethylene (UHMWPE), 

ceramic-reinforced hybrid laminates, and aramid fiber 

systems are examples of contemporary bulletproof 

composites that provide better energy absorption, lower 

density, and more flexibility. Fiber architecture, matrix 

characteristics, interfacial bonding, and structural 

configuration are some of the variables that affect these 

materials' performance.[08] 

 

Optimizing material combinations, enhancing interfacial 

bonding, and forecasting composite behavior under 

intricate loading scenarios like high-velocity impacts 

continue to be difficult tasks despite notable progress. 

Therefore, creating next-generation materials with 

enhanced performance and multifunctional capabilities 

requires a methodical strategy that integrates material 

selection approaches, thermal analysis, and hybrid 

composite design.[09] 

 

With an emphasis on matrix selection, structural design, 

and impact performance, this study attempts to evaluate 

and incorporate recent advancements in hybrid 

composite materials in order to offer insights into the 

creation of cutting-edge lightweight and high-

performance engineering materials.[28] 

 

2. Method of Experimentation 

The fabrication, characterisation, and assessment of 

hybrid polymer matrix composite laminates using 

optimized  matrix  systems  and  reinforcement 

configurations are the main objectives of the 
experimental methodology used in this study. 

 

2.1 Selection of Materials 

Epoxy-based polymer matrices and a mix of reinforcing 

fibers were used to create hybrid composite laminates. 

The better mechanical strength, chemical resistance, and 

dimensional stability of epoxy resins (such as the 

Epidian family) led to their selection. Viscosity and 

curing behavior were altered using a variety of hardeners 

and reactive diluents. Glass fiber (E-glass), carbon fiber, 

and aramid fiber fabrics were used as reinforcements 

because of their excellent strength-to-weight ratio and 

impact resistance.[22] 

 

2.2 Setting Up a Matrix 

Epoxy resin and suitable hardeners were combined in

 manufacturer-recommended ratios to create 

matrix systems. Reactive diluents, such as butyl 

glycidyl ether, were added to some formulations in order 

to promote fiber wetting and decrease viscosity. 

To create a homogenous mixture, the ingredients 

were properly combined.[14] Differential Scanning 

Calorimetry (DSC) study was performed on tiny samples 

of the produced matrix under regulated heating rates in 

order to assess curing characteristics and determine 

factors like: Energy of activation (Ea) 

Reaction heat (ΔH) Cure 
degree (α) 

Temperature of glass transition (Tg) 

The best matrix compositions were preselected 

using these parameters. 

 

2.3 Fabrication of Composites 

A manual lay-up method was used to create hybrid 

composite laminates, which were then compressed. The 

process entailed: 

using a releasing agent to clean and prepare the mold 

surface. 

covering the mold with a thin layer of prepared epoxy 

matrix. 

stacking layers of reinforcing materials (carbon, glass, 

and/or aramid) in prearranged order. 

Using rollers, impregnate each layer with resin to 

provide adequate wetting and eliminate air spaces. 

applying vacuum and pressure when necessary to 

reduce porosity and improve consolidation. 
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After 24 hours of room temperature drying, the laminate 
can be post-cured as needed. 

In order to attain the required thickness and mechanical 

performance, typical laminates were composed of eight 

to twelve layers.[30] 

 

2.4 Preparing the Sample 

Precision cutting tools were used to cut composite 

laminates into standard test specimens once they had 

cured. For mechanical and impact analysis, specimen 

dimensions were prepared in accordance with applicable 

testing standards.[16] 

 

2.5 Examining Mechanical Systems 

Standardized testing techniques were used to assess the 

composites' mechanical properties: 

Young's modulus and flexural strength are measured 

using the Three-Point Bending Test. Stress-strain 

behavior was noted while the samples were subjected to 

regulated loading conditions. 

Impact testing (Charpy/Izod): Used to assess the 

composites' energy absorption capacity and impact 

strength.[27] 

 

 

 

2.6 Impact/Ballistic Assessment 

Impact performance under simulated low-velocity and 

high-velocity impact scenarios was examined for 

advanced applications. To evaluate the composite 

laminates' suitability for protective structures, their 

energy absorption, deformation behavior, and failure 

processes were examined.[16] 

 

2.7 Analysis of Data 

Thermal and mechanical test results were connected to 

assess the impact of: 

makeup of a matrix 

Type of fiber and order of stacking Bonding 
across interfaces 

Finding the best hybrid composite combinations with 

improved mechanical and impact performance was 

made possible by this integrated approach.[06] 

 

3. Testing Techniques 

Thermal, mechanical, and impact testing techniques 

were used to assess the created hybrid composite 

laminates' performance. To guarantee accuracy, 

repeatability, and comparability of outcomes, 

standardized methods were implemented.[16] 

 

3.1 Differential Scanning Calorimetry 

(DSC) 

 

 

Fig.1 

 

 

Fig.2 

 

 

 

 

Fig.3 

 

The thermal behavior of epoxy matrix systems was 

investigated using Differential Scanning Calorimetry 

(DSC). The experiments involved heating tiny samples 

(about 10 mg) throughout a 
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predetermined temperature range in a controlled inert 

environment (nitrogen). 

 

The parameters listed below were established: 

 

• Curing reaction activation energy (Ea) 

• Reaction's heat (ΔH) 

• Level of recovery (α) 

• Transition temperature of glass (Tg) 

These factors help choose the best matrix compositions 

for composite manufacturing and are crucial for 

comprehending cure kinetics and thermal stability.[22] 

 

3.2 Three-Point Bending Test 

 

 

Fig.4 

 

 

Fig.5 

 

 

Fig.6 

 

 

 

 

 

Fig.7 

A three-point bending test was used to assess the 

flexural qualities of composite laminates in compliance 

with accepted practices (such as ISO 178). Rectangular 

specimens were positioned on two supports, and until 

they failed, a load was applied in the middle.[18] 

 

 

Among the measured parameters are: 

 

• Flexural modulus (E) and flexural 

strength (σf) 

Stiffness, load-bearing capability, and resistance to 

deformation under bending loads are all shown by this 

test. 
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Fig.8 

 

 

 

Fig.9 

 

 

Fig.10 

 

 

Fig.11 

 

The Charpy impact test was used to assess the 

composites' impact strength in accordance with ISO 

179 guidelines. A pendulum hammer was used to 

abruptly strike the specimens, and the energy absorbed 

during breakage was noted.[16] 

The following factors were used to compute the impact 

strength (Kc): 

Absorption of energy during fracture The 

specimen's cross-sectional area 

This test assesses the material's capacity to 

withstand abrupt shock loads and absorb energy. 

3.3 Impact Testing at High Velocity and Ballistic 

 

Fig.12 

 

Composite laminates were examined in ballistic or high-

velocity impact scenarios to determine their potential for 

protective applications. The composite panels were hit 

by projectiles at regulated velocity.[22] 

 

Important assessment criteria: 

 

• Capacity to absorb energy 

• Resistance to penetration 

• Failure modes: fiber breakage, cracking, and 

delamination 

Fiber type, matrix characteristics, and laminate structure 

all affect ballistic performance. 

 

3.4 Failure and Microscopic Analysis 

Microscopic methods were used in post-testing analysis 

to investigate failure mechanisms like: 
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Pull-out of fibers and matrix cracking 

Layer delamination 

The interfacial bonding and structural integrity of hybrid 

composites are better understood thanks to this 

research.[26] 

 

3.5 Correlation and Assessment of Data 

Every testing method's results were connected to assess: 

Matrix composition's impact on performance Fiber 

hybridization's impact 

The connection between mechanical and thermal 

qualities 

Accurate evaluation of composite behavior under actual 

loading circumstances is ensured by this integrated 

testing method.[28] 

 

4. Findings and Conversation 

The performance of hybrid composite laminates was 

assessed by analyzing the outcomes of mechanical, 

impact, and thermal tests. The impact of fiber 

hybridization, matrix choice, and structural arrangement 

on total composite behavior is integrated in the 

discussion. 

 

 

 

4.1 Results of Thermal Analysis (DSC) 

 

Fig.13 

 

Fig.13 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.12 

Fig.14 

The curing reactions of epoxy matrix systems were 

clearly represented by exothermic peaks in the DSC 

thermograms. Important findings consist of: 

Higher heat of reaction (ΔH) indicated improved 

crosslinking in matrix systems with optimal resin–

hardener ratios. 

https://ijsrem.com/


            International Journal of Scientific Research in Engineering and Management (IJSREM) 
                                     Volume: 10 Issue: 07 | Jul - 2026                            SJIF Rating: 8.659                      ISSN: 2582-3930  

                                                                                                                                              

 

© 2026, IJSREM      | https://ijsrem.com                     DOI: 10.55041/ IJSREM65929                     |        Page 7 

In certain matrix compositions, a greater glass transition 

temperature (Tg) was noted, indicating enhanced 

thermal stability. 

Systems with lower activation energy (Ea) demonstrated 

quicker cure kinetics, which is advantageous for 

processing effectiveness. 

These results validate that matrix systems with superior 

curing behavior and mechanical potential are 

successfully identified by DSC-based preselection. The 

resulting composite's increased rigidity and durability 

are directly correlated with improved thermal 

properties.[16] 

4.2 Flexural Properties (Bending Test 

Results) 

 

Fig.15 

 

 

 

Fig.16 

 

 
 

 

Fig.17 

 

• The findings of the three-point bending test 

showed that hybridization significantly 

improved the flexural properties: 

• When compared to single-fiber composites, 

hybrid composites (glass + carbon or glass + 

aramid) demonstrated greater flexural strength. 

• When high-stiffness fibers like carbon were 
added, the Young's modulus rose. 

• Localized stress concentrations were decreased 

by better load distribution among fibers.[22] 

 

Conversation: 

Hybridization combines the benefits of many fibers to 

increase stiffness and strength. While glass or aramid 

fibers increase toughness and cost-effectiveness, carbon 

fibers contribute great rigidity. Better structural 

performance under bending stresses is the outcome of 

this synergy. 

4.3 Energy Absorption and Impact 

Strength 

• The findings of impact testing revealed a 

distinct pattern: 

• Compared to conventional composites, hybrid 

composites demonstrated greater energy 

absorption and impact strength. 

• Because of their higher toughness, hybrids 

based on aramid showed the highest impact 

resistance. 

• Energy dissipation was enhanced by increasing 

fiber layering and using the right stacking 

order.[15] 
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Conversation: 

The following factors are responsible for the 

influence performance improvement: 

 

Mechanisms for pulling out fibers Deflection of 

cracks at interfaces Absorption of energy in 

layers 

By dispersing impact energy over several layers, hybrid 

constructions successfully avert catastrophic failure. 

4.4 Impact Performance at High Velocity and 

Ballistic 

 

Fig.18 

 

• Ballistic tests revealed that: 

• When compared to conventional materials, 

hybrid composites greatly decreased penetration 

depth. 

• Delamination and fiber breakage were among 

the progressive failure mechanisms seen in 

multilayer laminates. 

• Kinetic energy dissipation was improved by 

ceramic or high-performance fiber layers. 

Conversation: 

Contemporary hybrid composites perform better than 

iron armor because 

Reduced density (benefit of lightweight) 

Increased capacity to absorb energy Lack of 

secondary fragmentation 
Resistance to high-velocity impacts is enhanced by the 
mix of hard (ceramic) and soft (fiber) layers. 

4.5 Analysis of Failures 

 

 

 

Fig.19 

 

 

Fig.20 

 

Several failure mechanisms were identified via 

microscopic examination: 

• Fiber pull-out: Improves the absorption of 

energy 

• Matrix cracking: Causes stress-related 
failure 

• Delamination: A primary method of energy 
dissipation 

• High loads or impact can cause fiber 

fracture. 

 

Conversation: 

Improved toughness is shown by the existence of 

various failure modes. Hybrid composites show gradual 

damage rather than abrupt brittle failure, which is ideal 

for protective and structural purposes. 

https://ijsrem.com/
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4.6 Overall Conversation 

The combined findings unequivocally show that: 

• Curing, mechanical characteristics, and thermal 

stability are all enhanced by matrix tuning (via 

DSC). 

• Strength, rigidity, and impact resistance are all 

improved via fiber hybridization. 

• Energy absorption and failure management are 

important aspects of multilayer laminate design. 

All things considered, the created hybrid composites 

exhibit great promise for lightweight structural and 

ballistic applications, providing a balance between cost, 

sustainability, and performance. 

 

5. Conclusion 

With a focus on matrix selection, structural design, and 

impact performance, this study offered a thorough 

analysis of hybrid polymer matrix composites. The 

following conclusions are reached in light of the 

analysis and experimental results: 

 

1. Differential Scanning Calorimetry (DSC) matrix 

preselection has been shown to be a dependable 

and efficient way to find the best epoxy 

systems. The curing behavior and ultimate 

mechanical properties of the composites were 

greatly impacted by variables like activation 

energy, heat of reaction, and glass transition 

temperature. 

2. When compared to single-fiber composites, 

hybridization of natural and synthetic fibers 

produced better mechanical performance. 

Because of improved stress distribution within 

the laminate structure, the mix of various fibers 

improved flexural strength, stiffness, and overall 

durability. 

3. Because of processes including fiber pull-out, 

delamination, and fracture deflection, the 

created hybrid composites demonstrated 

exceptional impact resistance and energy 

absorption capacity. Instead of causing an 

abrupt fracture, these mechanisms lead to 

progressive failure. 

4. In terms of energy dissipation and weight 

reduction, hybrid composites' ballistic 

performance was noticeably superior to that 

of conventional metallic materials. High-

performance fibers and sophisticated matrices 

used in multilayer designs successfully 

decreased penetration and increased protection 

effectiveness. 

5. Fiber type, matrix composition, interfacial 

bonding, and stacking sequence all have a 

significant impact on the overall performance of 

composites, underscoring the significance of an 

integrated material design strategy. 

6. Suggestions and Prospects 

6.1 Suggestions 

The following suggestions are put out in light of the 

experimental research and analysis of hybrid composite 

materials: 

1. Optimal Matrix Selection: To effectively 

preselect epoxy matrix systems and cut 

down on experimental time, expense, and 

material waste, thermal analysis methods 

like DSC should be used early in the 

material design process. 

2. Hybrid Fiber Utilization: To attain the best 

possible trade-off between mechanical 

performance, cost, and environmental 

sustainability, a balanced mix of natural and 

synthetic fibers is advised. 

3. Better Interfacial Bonding: To improve load 

transfer and prevent premature failure, surface 

treatments and coupling agents should be used 

to increase fiber–matrix adhesion. 

4. Layered Structural Design: To optimize 

energy absorption and reduce damage 

propagation under impact loading, 

appropriate stacking sequences and 

multilayer designs should be carefully 

planned. 

5. Standardized Testing Procedures: To guarantee 

consistency and comparability of results across 

various investigations, it is advised to adopt 

worldwide standards for mechanical and 

ballistic testing. 
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6.2 Prospects 

There are numerous prospects for additional study and 

advancement in the area of hybrid composite materials: 

1. Advanced Smart Composites: Self-sensing, 

damage detection, and structural health 

monitoring can be made possible in composites 

by integrating conductive nanoparticles and 

sensors. 

2. Nano-Reinforced Hybrid Systems: By adding 

nanomaterials like graphene, carbon nanotubes 

(CNTs), or nano-clays, mechanical, thermal, and 

electrical properties can be further improved. 

3. Functionally Graded Materials (FGMs): By 

optimizing material distribution across the 

structure, composites with spatially variable 

characteristics can be developed to increase 

impact resistance. 

4. Sustainable & Bio-Based Composites: Using 

more natural fibers and biodegradable resins can 

lessen the impact on the environment without

 sacrificing performance 

standards. 

5. Advanced Manufacturing Techniques: Precision 

and scalability can be increased by 

implementing automated processes like 

automated fiber placement (AFP), resin transfer 

molding (RTM), and additive manufacturing 

(3D printing). 

6. Numerical Modeling and Simulation: By using 

simulation tools (like ANSYS and finite element 

analysis), one can lessen the need for lengthy 

experimental trials by predicting composite 

behavior under complex loading circumstances. 

7. Improved Ballistic Protection Systems: To attain 

better protection with less weight, future 

research can concentrate on multifunctional 

armor systems that combine ceramics, fibers, 

and smart fluids (such as shear thickening 

fluids). 
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