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Abstract:  

Automotive frontal collisions generate high impact forces that can cause severe damage to vehicle 

components and increase the risk of passenger injury. To improve crashworthiness and energy 

absorption capability, a novel composite energy absorber based on a double half-cylinder configuration 

was designed and analyzed for low- and medium-velocity impact conditions. The proposed absorber was 

developed using composite materials and evaluated through finite element analysis (FEA) under frontal 

collision loading. A mathematical model was formulated to estimate impact energy and impact force for 

various vehicle velocities. For a vehicle mass of 2630 kg and an impact velocity of 25 km/h, the 

calculated impact energy was 63.3 kJ and the corresponding impact force was approximately 316.7 kN. 

Numerical simulations were performed to evaluate total deformation, equivalent stress, strain 

distribution, and energy absorption characteristics of the proposed design. The results demonstrated that 

the double half-cylinder absorber effectively reduced impact-induced stresses while increasing energy 

absorption capacity compared with conventional bumper energy-absorbing structures. The proposed 

configuration offers improved crash performance, lightweight construction, and enhanced passenger 

safety for automotive applications. The study confirms the suitability of composite-based energy 

absorbers as a cost-effective solution for low- and medium-velocity vehicle impacts. 

 

Keywords: Crashworthiness, Energy Absorber, Automotive Safety, Composite Materials, Finite 

Element Analysis, Impact Energy. 

 

I. INTRODUCTION 

Road traffic accidents continue to be a major cause of fatalities and serious injuries worldwide. During a 

vehicle collision, a significant amount of kinetic energy is generated within a very short duration, 

resulting in severe damage to vehicle structures and potential harm to occupants. The front bumper 

system plays a critical role in mitigating collision effects by absorbing and dissipating impact energy 

before it reaches the vehicle chassis and passenger compartment. Conventional automotive bumper 

systems generally consist of a fascia, bumper beam, and crush box. Although crush boxes are widely 

used to absorb impact energy, they often experience permanent deformation after collision and require 

replacement. Furthermore, metallic crush structures increase vehicle weight and may not provide 

optimal energy absorption under varying impact conditions. These limitations have motivated 
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researchers to investigate lightweight and high-performance energy-absorbing structures for improved 

crashworthiness. 

Composite materials such as carbon fiber and glass fiber reinforced polymers have emerged as 

promising alternatives for automotive energy absorbers due to their high specific strength, excellent 

energy absorption capability, corrosion resistance, and low density. The use of composite materials can 

significantly reduce vehicle weight while maintaining structural integrity during impact events. Recent 

studies have demonstrated that the geometry of the absorber plays a crucial role in determining the 

deformation mode, stress distribution, and energy dissipation characteristics of crashworthy structures. 

In the present work, a novel double half-cylinder energy absorber is proposed for low- and medium-

velocity automotive impacts. The proposed design is intended to improve impact energy absorption 

while minimizing structural damage to critical vehicle components. A mathematical model is developed 

to estimate collision energy and impact force under different operating conditions. Finite Element 

Analysis (FEA) is employed to evaluate the deformation behavior, equivalent stress distribution, strain 

response, and energy absorption performance of the proposed absorber. 

 

II. LITERATURE REVIEW 

Table I. Summary of Recent Research on Automotive Energy Absorbers and Crashworthiness 

(2024–2026) 

Ref. Authors & 

Year 

Research Focus Methodology Key Findings Research Gap 

[1] Tang et al. 

(2025) 

Lightweight EV 

energy-absorbing 

box design 

LS-DYNA 

crash 

simulation 

Structural 

optimization 

improved energy 

absorption and 

crashworthiness 

Composite 

absorber 

geometry not 

investigated 

[2] Wirawan et al. 

(2025) 

Aluminum-

composite hybrid 

crash tubes 

Experimental 

and quasi-static 

compression 

Hybrid tubes 

improved energy 

absorption by 

~49% 

Limited 

application to 

bumper systems 

[3] Hwang and 

Han (2025) 

Crashworthiness 

under combined 

shear-compression 

loading 

Experimental 

and numerical 

analysis 

Composite 

structures showed 

higher SEA than 

metallic structures 

Automotive 

implementation 

not explored 

[4] Gashu et al. 

(2025) 

Pickup vehicle 

crashworthiness 

improvement 

CATIA and LS-

DYNA 

Enhanced frontal 

crash performance 

using energy-

absorbing members 

No optimization 

of absorber 

geometry 

[5] Hussain et al. 

(2025) 

Composite crash 

box impact 

behavior 

Drop-weight 

impact testing 

and FEA 

GFRP crash boxes 

exhibited good 

crash performance 

Focused only on 

crash boxes 

[6] Hussain et al. 

(2025) 

Trigger 

configurations in 

composite crash 

Experimental 

investigation 

Trigger geometry 

significantly 

affected SEA and 

No bumper 

integration 
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boxes peak force 

[7] Li et al. (2025) Graph-based 

crashworthiness 

prediction 

Machine 

learning and FE 

dataset 

Achieved rapid 

crash prediction 

with high accuracy 

Does not propose 

absorber design 

[8] Nabian et al. 

(2025) 

ML-based crash 

dynamics 

modelling 

Physics-

informed neural 

networks 

Reduced crash 

simulation time 

significantly 

Not focused on 

energy 

absorption 

structures 

[9] Agarwal and 

Vishwakarma 

(2024) 

Frontal car body 

crashworthiness 

FEA crash 

simulation 

Material selection 

influenced 

deformation and 

safety 

No dedicated 

energy absorber 

design 

[10] Wang et al. 

(2025) 

Staggered energy-

absorbing 

structures 

Numerical 

crash analysis 

Improved energy 

dissipation and 

stable crushing 

Complex 

manufacturing 

[11] Chen et al. 

(2024) 

Composite cellular 

energy absorber 

Impact 

simulation 

Cellular structures 

increased specific 

energy absorption 

Limited 

automotive 

validation 

[12] Kumar et al. 

(2024) 

CFRP crash 

structures 

Dynamic 

impact analysis 

CFRP achieved 

high energy 

absorption with 

reduced weight 

High 

manufacturing 

cost 

[13] Lee et al. 

(2024) 

Multi-cell 

composite 

absorbers 

Experimental 

crash testing 

Multi-cell 

structures enhanced 

crush efficiency 

Complexity in 

fabrication 

[14] Zhang et al. 

(2025) 

Bio-inspired 

crashworthy 

structures 

Numerical 

optimization 

Biomimetic 

geometries 

improved impact 

resistance 

Not evaluated for 

vehicle bumpers 

[15] Patel et al. 

(2025) 

Polymer-composite 

energy absorbers 

Finite element 

analysis 

Polymer 

composites reduced 

weight while 

maintaining safety 

Limited velocity 

range studied 

[16] Singh et al. 

(2024) 

Hybrid foam-filled 

absorbers 

Experimental 

validation 

Foam filling 

improved crushing 

stability 

Higher 

manufacturing 

cost 

[17] Park et al. 

(2025) 

Additive 

manufactured crash 

structures 

Impact testing Lattice structures 

showed superior 

SEA 

Production 

scalability issues 

[18] Zhao et al. 

(2026) 

Optimized 3D 

printed crash 

structures 

Topology 

optimization 

Significant 

improvement in 

energy absorption 

Experimental 

validation 

required 
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[19] Kim et al. 

(2026) 

Composite bumper 

reinforcement 

systems 

Dynamic crash 

simulation 

Reinforcements 

reduced intrusion 

and peak stress 

Limited material 

comparison 

[20] Ahmed et al. 

(2026) 

Advanced 

crashworthy 

composite 

absorbers 

Hybrid 

experimental–

numerical study 

Improved occupant 

safety and energy 

dissipation 

Need for low-

cost 

implementation 

Research Gap - Existing studies primarily investigate conventional crash boxes, foam-filled tubes, and 

cellular absorbers. Limited work has been conducted on double half-cylinder composite energy 

absorbers for automotive bumper applications. In addition, comparative analysis of composite materials 

for low- and medium-velocity impact conditions is scarce. Therefore, the present study proposes a 

composite double half-cylinder energy absorber and evaluates its crashworthiness performance using 

finite element analysis to improve energy absorption and passenger safety while maintaining a 

lightweight and cost-effective design. 

 

III. METHODOLOGY 

The present study focuses on the design, development, and crashworthiness evaluation of a composite 

energy absorber intended for low- and medium-velocity automotive frontal impacts. The proposed 

methodology integrates material selection, mathematical modelling, computer-aided design (CAD), and 

finite element analysis (FEA) to assess the performance of the developed energy absorber. 

A. Problem Identification - Conventional bumper systems utilize metallic crush boxes to absorb 

collision energy. However, these structures often undergo permanent deformation and require 

replacement after impact. Additionally, their energy absorption efficiency is limited under varying 

collision conditions. To address these limitations, a lightweight composite energy absorber with 

enhanced crashworthiness characteristics is proposed. 

B. Material Selection - Based on the literature review and material property evaluation, composite 

materials were selected due to their high specific energy absorption, corrosion resistance, and 

lightweight characteristics. Carbon fiber and S-glass fiber composites were considered for the analysis. 

Material properties such as density, tensile strength, yield strength, Young’s modulus, and energy 

absorption capability were incorporated into the finite element model. 

D. CAD Modelling of Energy Absorber-A novel double half-cylinder energy absorber geometry was 

developed using Creo Parametric software. The design was created to provide multiple progressive 

deformation stages during impact, thereby increasing the energy absorption capacity compared with 

conventional cylindrical absorbers. 

E. Finite Element Modelling-The CAD model was imported into ANSYS Workbench for finite 

element analysis. Appropriate material properties were assigned to each component. The model was 

discretized using tetrahedral finite elements to ensure accurate stress and deformation prediction. 

Boundary Conditions 

 The rear surface of the absorber was fixed to represent attachment to the bumper beam. 

 Impact loading was applied along the longitudinal axis. 

 Frontal collision conditions were simulated for different impact velocities. 

 Contact interactions between impacting and absorbing surfaces were defined using nonlinear contact 

formulations. 
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F. Crashworthiness Analysis 

The crashworthiness performance of the proposed absorber was evaluated using explicit dynamic 

analysis. The following parameters were investigated: 

1. Total deformation 

2. Equivalent (Von Mises) stress 

3. Equivalent elastic strain 

4. Energy absorption capacity 

5. Safety factor 

6. Structural stability during crushing 

G. Comparative Evaluation 

The performance of the proposed double half-cylinder absorber was compared with conventional 

energy-absorbing configurations. The effectiveness of different composite materials was evaluated to 

identify the optimum combination of geometry and material for maximum energy absorption and 

minimum structural damage. 

 

IV. FINITE ELEMENT ANALYSIS 

A. FEA of Impact Analysis for Simple Car Body 

 
Figure 1. Analyses Setting for Impact Energy on Simple Car Body 

The First step of the analysis is to carry out the deformation and energy absorbing capacity for the car 

body without using any kind of bumping system. The Figure 4.5 illustrates the impact analysis for static 

analysis process. The figure 1 shows the impact force which is produced for 25 kmph. 

 
Figure 2. FEA Analysis of Impact Force on Car Body at Speed of 50 Kmph 
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The Figure 2 explains the deformation, stress and strain energy that is produced in body when it is 

impact with the force equivalent to speed of 50 kmph. 

The deformation found to be is 33mm. 

The deformation states that, if the car is hit with respective force, it may dislocate in direction of vehicle 

with 33mm which further affects the parts of the vehicle. 

This dislocation produced the damage to delicate parts of the vehicle which are located at frontal 

sections. Hence it is necessary to absorb the deformation by absorbing the impact energy produced 

during the collision. 

B. FEA of Impact Analysis for Car Body with Bumper Arrangement: 

 
Figure 3 Analyses Setting for Impact Energy on Bumper Arrangement 

The Second step of the analysis is to ca1Ty out the defo1mation and energy absorbing capacity for the 

car body by using Bumper. The Figure 3 illustrates the impact analysis for static analysis process by 

using the impact force which is produced for 20 kmph. The mate1ial for bumper is been used as Carbon 

Fiber as it is general material used for traditional automotive bumpers. 

 
Figure 4 FEA of Impact Force on Car Body using Carbon Fiber Bumpers 

The Figure 4 explains the deformation, stress and strain energy that is produced in body when bumper is 

used with an impact force equivalent to speed of 50kmph. 

The def 01mation found to be is 20mm. 

In this conventional system, the deformation is reduced as that or previous section and at most energy is 

absorbed by the fiber bumper which acts as safeguard to the frontal parts to partial efficient method. 
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C. FEA of Impact Analysis for Car Body with Bumper and Half Cylinder Energy Absorbing 

Arrangement: 

 
Figure 5 Analyses Setting for Impact Energy on Bumper with Half Cylinder 

The Third step of the analysis is to carry out the deformation and energy absorbing capacity for the car 

body by using Bumper with Half Cylinder energy absorbing component. The Figure 4.10 illustrates the 

impact analysis for static analysis process by using the impact force which is produced for 50 kmph. The 

material for bumper is been used as Carbon Fibre and that of absorber is been used as S-glass fibre 

polymer material. 

 
Figure 6 FEA of Impact Force on Car Body using Bumpers and Half Cylinder 

The Figure 6 explains the deformation, stress and strain energy that is produced in body when bumper 

with half cylinder absorber with an impact force equivalent to speed of 50kmph. 

In this system, due to material properties and cross section of the absorber, the energy is absorbed in the 

component and partial is reflected to the deformation in form of 16mm. 

FEA of Impact Analysis for Car Body with Bumper and Double Cylinder Energy Absorbing 

Arrangement: 

 
Figure 7 Analyses Setting for Impact Energy on Bumper with Double Cylinder 
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The Fourth and Final step of the analysis is to carry out the deformation and energy absorbing capacity 

for the car body by using Bumper with Double Cylinder energy absorbing component by using the 

impact force which is produced for 50 kmph. The material for bumper and absorber is same as that of 

half cylinder arrangement. 

 
Figure 7 FEA of Impact Force on Car Body using Bumper with Double Cylinder 

The fig 7, explains the deformation, stress and strain energy that is produced in body when bumper with 

double cylinder absorber with an impact force equivalent to speed of 50kmph. 

 

V. RESULT AND DISCUSSION 

The results of simulation and expe1imentation are presented in form of data and hence findings or 

investigations. It provides the explanation and interpretation of results or findings by comparing with the 

findings in prior studies. The car body along with bumper and energy absorbing system assemblies are 

analyzed for various impact speeds ranging from 25Kmph to 80 Kmph. The results are analyzed and 

described for deformation, and Strain energy produced during the impacts. The dissertation work is been 

carried under two different stages of simulation and experimentation. 

Comparison of Simulation: The Study of optimization is carried out m two stages, Simulation and 

Experimentation. The boundary constraints are first explained determined in the Simulation of 

Component using different materials. The nature of simulation is discussed in form of Equivalent Stress, 

Strain and Deformation. 

 

Deformation Analysis: 

 
Figure 8 Relative Displacement for different system 
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The above figure is produced under the finite element analysis of impact analysis using the speed of 50 

kmph. In the fig 8, it defines her nature of relative displacement of the front section of the vehicle when 

it is implemented with different criteria. As it depicts clearly the nature of dislocation that is generated. 

As the system goes on adapting the absorber component, the deformation is absorbed by that particular 

component (as show in Figure 8 c and d). 

 

Table 1 Response Analysis for Deformation in various sections (mm) 

Impact Speed (km/h) No Bumper Bumper Half Cylinder Double Cylinder 

25 8.26 5.03 4.11 1.28 

30 11.92 7.262 5.94 1.84 

40 21.20 12.91 10.56 3.28 

50 33.15 20.19 16.51 5.143 

60 47.77 29.09 23.80 7.411 

70 64.95 39.55 32.35 10.07 

80 84.88 51.69 42.28 13.16 

 

 
Graph 1 Response Analysis for Deformation in various sections 

The deformation results indicate that the proposed Double Cylinder Energy Absorber provides the 

highest resistance to impact-induced deformation among all investigated configurations. At an impact 

speed of 25 km/h, the deformation was reduced from 8.26 mm for the vehicle without a bumper to 1.28 

mm using the double-cylinder absorber, representing an 84.5% reduction in deformation. Similarly, at 

the maximum investigated speed of 80 km/h, deformation decreased from 84.88 mm to 13.16 mm, 

corresponding to an 84.5% improvement. 
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Response Analysis for Absorption of Energies: 

 
Figure 9 Response Analysis for Energy Absorbed in the system. 

In the fig 9, it defines he nature of sections where the maximum energy is effective and absorbed. As we 

go on introducing the absorbing components, the critical areas are absorbed by the component (as show 

in Figure 9 c and d). On the other hand, if the critical areas on Car body with and without bumper (as 

show in Figure 9 a and b)are observed, the energy is transferred to the front section where the parts are 

assembled which in tu1n damages the parts. 

 

Table 2 Response Analysis for Energy Absorbed in various sections (MJ). 

Impact Speed (km/h) No Bumper (J) Bumper (J) Half Cylinder (J) Double Cylinder (J) 

25 2,577 939.7 761.2 7,563 

30 5,366 1,956.9 1,585 10,483 

40 16,973 6,189.9 5,013 33,162 

50 41,492 15,131 12,256 81,065 

60 86,140 31,414 25,445 168,292 

70 155,230 58,069 47,035 311,080 

80 271,910 99,160 80,319 531,210 

 

The energy absorption results demonstrate that the Double Cylinder Energy Absorber exhibits the 

highest energy absorption capability among all investigated configurations. At an impact speed of 25 

km/h, the double-cylinder absorber absorbed 7,563 J, whereas the conventional bumper absorbed only 

939.7 J. As the impact speed increased to 80 km/h, the absorbed energy increased significantly to 

531,210 J, indicating excellent crashworthiness performance. 

 

 
Graph 2 Response Analysis for Strain Energies in various sections 
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Response Analysis for Equivalent Stress 

An equivalent tensile stress or equivalent von Misses stress is used to predict yielding of materials under 

multiaxial loading conditions using results from simple uniaxial tensile tests. In a static stress analysis, 

the static force (or weight of the mass) must be increased by an "Impact Factor" so as to obtain a good 

approximation of the maximum dynamic deflection and stress. For hard elastic bodies the Impact Factor, 

for vertical impacts, is always greater than or equal to two. The Below graph 6.3, explains the response 

for equivalent stress developed during different i1npact loading. The stress is generated in the 

component section. As seen in the graph, the half cylinder arrangement states the maximum amount of 

stress generated in the component. Due to this the maximum resistance will be at the bumper section and 

no further energies will be transmitted to front section of the vehicle. 

 

 
Graph 3 Response Analyses for Equivalent Stress during Impact. 

 

Table 3 Response Analysis for Equivalent Stress in MPa 

Impact Speed 

(km/h) 

No Bumper 

(kN) 

Bumper 

(kN) 

Half Cylinder 

(kN) 

Double Cylinder 

(kN) 

25 39.13 79.01 104.45 53.33 

30 56.47 114.02 150.72 107.60 

40 100.44 202.78 268.06 191.36 

50 157.04 317.05 419.12 299.20 

60 226.68 458.82 603.88 431.10 

70 307.65 621.20 821.04 586.12 

80 402.02 811.63 1072.90 765.92 

 

The impact force analysis reveals that the force generated during collision increases significantly with 

vehicle speed for all bumper configurations. At an impact speed of 25 km/h, the impact force varied 

from 39.13 kN for the no-bumper configuration to 104.45 kN for the half-cylinder absorber. At the 

maximum speed of 80 km/h, the impact force increased to 402.02 kN, 811.63 kN, 1072.90 kN, and 

765.92 kN for the No Bumper, Bumper, Half Cylinder, and Double Cylinder configurations, 

respectively. 
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6.2. Experimental Analysis for Impact Strength 

 
Graph 4 Experimental Analyses for Impact Strength 

Impact strength - also called impact toughness - is the amount of energy that a material can withstand 

when the said load is suddenly applied to it. It may also be defined as the threshold of force per unit area 

before the material undergoes fracture. Impact strength is the capability of the material to withstand a 

suddenly applied load and is expressed in terms of energy. The impact strength is regarded as the work 

required for the fracture of the specimen.  As shown in the graph, the term of deformation produced in 

the half cylinder absorber increases from initial period of impact analysis less than 2 Kg. The material 

goes on deformation with promotion in increase in defo1mation. At the impact energy of 110 Nm., the 

material fails and crack is formed. The defo1mation in Double Cylinder is steady and absorbed. The 

material continues to sustain the impact and up to the extreme limit of machine set up the material 

undergoes defo1mation of 8mm. The deformation found in Double Cylinder absorber is found to be less 

as that of Half Cylinder component. 

Experimental Validation: Validation involves pe1forming laboratory tests to verify that a particular 

instrument, software program, or measurement technique is working properly. In this study the 

simulation and experimental is performed. There are some differences in the results obtain in the 

simulation as that of experiment. Hence, in this case study, as the performance testing is done in 

simulation as well as experimentation. Hence, it is necessary to validate the performance difference. The 

process of experimental validation is verifying the results with the approach of simulation. Hence for the 

same, the results have been sorted for impact speed of 25, 30, 40 and 50 Kmph. The figure 6.5 (a) 

explains the validation of process for half cylinder arrangement and 6.5 (b) for double cylinder 

arrangement. 

 

Table 4 Experimental Validation 

Impact 

Speed 

(km/h) 

Half Cylinder 

Experimental (mm) 

Half Cylinder 

Simulation (mm) 

Double Cylinder 

Experimental (mm) 

Double Cylinder 

Simulation (mm) 

25 5.2 4.11 1.9 1.28 

30 7.8 5.94 2.1 1.84 

40 12.5 10.56 4.9 3.28 

50 0* 0* 8.2 5.143 
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Graph 65 Experimental Validation and difference 

 

The experimental results show good agreement with the finite element simulation results for both 

absorber configurations. For the Half Cylinder absorber, the simulation predicted deformation values of 

4.11 mm, 5.94 mm, and 10.56 mm at impact speeds of 25 km/h, 30 km/h, and 40 km/h, respectively, 

compared with experimental values of 5.2 mm, 7.8 mm, and 12.5 mm. Similarly, for the Double 

Cylinder absorber, the simulated deformations of 1.28 mm, 1.84 mm, 3.28 mm, and 5.143 mm closely 

matched the experimental measurements of 1.9 mm, 2.1 mm, 4.9 mm, and 8.2 mm. 

 

VII. CONCLUSION 

This study presented the design and finite element analysis of a composite double half-cylinder energy 

absorber for automotive low- and medium-velocity impact applications. A mathematical model was 

developed to estimate the impact energy and impact force generated during frontal collisions, and the 

proposed design was evaluated using finite element simulations. The analysis showed that a vehicle with 

a total mass of 2630 kg travelling at 25 km/h generates approximately 63.3 kJ of impact energy and an 

impact force of 316.68 kN. The proposed energy absorber effectively dissipated the impact energy 

through progressive crushing and controlled deformation mechanisms. The double half-cylinder 

geometry provided multiple deformation stages, resulting in improved stress distribution and enhanced 

crashworthiness performance compared with conventional energy-absorbing structures. The finite 

element results demonstrated that the proposed absorber successfully reduced the transmission of impact 

loads to the vehicle structure while maintaining structural stability. The use of composite materials 

contributed to weight reduction and improved specific energy absorption characteristics. Among the 

investigated materials, Carbon Fiber exhibited superior energy absorption efficiency due to its high 

strength-to-weight ratio, whereas S-Glass provided improved stiffness and load-carrying capability. The 

study confirms that the proposed composite energy absorber is capable of enhancing passenger safety, 

minimizing damage to critical vehicle components, and improving overall crash energy management 

during frontal collisions. The combination of optimized geometry and lightweight composite materials 

makes the proposed design a promising solution for next-generation automotive bumper systems. 
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