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Abstract: Metamaterials (MMs) are manmade materials which are are actually a Polymer nano material. Metamaterials (MMs) 

are high energy absorbing and lightweight materials which can be used in structural occupation as a protective system. Now a 

days honeycomb panels of aluminium panels are used for reducing the collision mitigation which are very expensive, poor 

plasticity and it posse’s complex pattern, as compared to metamaterial panels. In this study, innovative cost-effective 

metamaterial (MMs) is used in structural occupation and use it as controlling a mitigation which is caused by vehicle collision. 

The primary objective of this investigation is to study the impact performance of the metamaterial (MMs) panel under various 

parameters.  It is assumed that the proposed design is useful for controlling the severity of vehicle collision on structural 

member. The complete studies have been carried out using a finite element analysis in ANSYS software. 
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I.      INTRODUCTION 

Metamaterial are artificially engineered materials come up with customized properties in a material that originally does not exist. 

Metamaterials are widely used in structural occupation as a damper, sensor detection, optical fibre etc. Metamaterials IS made from 

nano sized particles. Different arrangements of cellular structure will give different properties The significant characteristics of 

metamaterial panel is the light weight and high energy absorption capacity. These properties bring very importance in construction 

and structural environment. Medha Shruti et al [1] investigated compressive simulation of three types of basic metamaterial 

(Hexagon, Diamond, Auxetic) and their hybrids (Auxetic-Diamond, Auxetic-Hexagon, Diamond-hexagon) with Ansys simulation 

software. All the six metamaterials simulated by poly lactic acid (PLA) materials. The result showed that for auxetic-diamond 

hybrid structure higher energy absorption of 40 mJ was noted, and lower deformation is obtained for hexagonal structure as 

compared to other models. Xueyan Chen [2] They design a stretching-dominated mechanical metamaterial that can absorb very 

large energies while retaining a low density. Result shows that a new class of shell lattice (SL) metamaterials has the best 

mechanical properties for shock absorption they are ultra stiff, ultra strong, and possess high specific energy absorption at low 

relative density. 

 

II.      OBJECTIVE 

To investigate the impact performance of metametal energy absorbing devices 

1) Materials (PLA & LYC) 

2) Thickness of web and cover 

 

III.      METHODOLOGY 

The main goal of this project is to study the impact performance of the metamaterial panel under various parameters and to 

investigate the performance of the column with and without the protection The study's primary goal is to use the ANSYS 

WORKBENCH software to compare the performance and determine the energy absorption capacity of metametal energy absorption 

devices with different materials and parameter to control the collision mitigation on columns. 

 

A. Modelling of structure 

A hexagonal cellular structure metamaterial panel was modelled using ANSYS Workbench. The metamaterial panel of hexagonal 

cellular structure is made of Poly lactic acid (PLA) is shown in fig 1.  
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Which has different web and cover thickness.in this work 10 models are there, similarly 10 models of hexagonal cellular structure 

metamaterial panel of low  yield carbon (LYC) are shown in fig .2 Poly lactic acid (PLA) has Density of 1270 kg/m3, Youngs 

modulus of 3500Mpa, Poisson’s ratio of 0.36719, Shear modulus of 1280 Mpa and yield strength of 0.07GPa .Low yield carbon has 

Density of 1270kg/m3,Youngs modulus of 20000Mpa ,Poisson’s ratio 0.3,shear modulus of 76923 Mpa and Yield strength of 0.07 

GPa . 

. 

TABLE I 

MODEL COVER 

(mm) 

WEB 

(mm) 

Model 1 10 5 

Model 2 10 10 

Model 3 10 15 

Model 4 5 5 

Model 5 5 10 

Model 6 5 15 

 

                          
Fig -1(a)                                              Fig -1(b)                                                Fig -1(c) 

 

                           
Fig -1(d)                                                   Fig -1(e)                                                      Fig -1(f) 

 

Fig-1 : Modelled 3d structure of hexagonal structure of a) cover of 5mm & web of 5mm ; b) cover of 5mm & web of 10mm ;    c) 

cover of 5mm & web of 15mm ; d) cover of 10mm & web of 5mm ; e) cover of 10mm & web of 10mm ; f) cover of 10mm & web 

of 15mm           

                           

B. Boundary conditions and loading 

The bottom end of the metamaterial panel is fixed to the one side of the column and other end of the panel kept free where the 

impactor hits at a velocity of 8330mm/s 
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IV.      RESULT AND DISCUSSION 

The model is subjected to impact testing using explicit dynamics and Fig 2 and Fig 3 represents the deformation of the models 

                        
Fig 2 -(a)                                                                                         Fig 2 -(b) 

 

                                                
Fig 2- (c)                                                                                                            Fig 2- (d) 

 

                         
                      Fig 2- (e)                                                                                                Fig 2- (e) 
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Fig-2 : Deformed 3d structure of hexagonal structure of Poly lactic acid (PLA) material a) cover of 5mm & web of 5mm ; b) cover 

of 5mm & web of 10mm ;    c) cover of 5mm & web of 15mm ; d) cover of 10mm & web of 5mm ; e) cover of 10mm & web of 

10mm ; f) cover of 10mm & web of 15mm                                     

 
Chart 1-: Deformation -Time Curve 

 

 
Chart 2-: Deformation -Time Curve 

 

                  
                Fig 3- (a)                                                                                      Fig 3- (b)  

 

                                
Fig 3- (c)                                                                                        Fig 3- (d) 
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Fig 3- (e)                                         Fig 3- (f) 

  

Fig-3: Deformed 3d structure of hexagonal structure of Low yield carbon (LYC) material a) cover of 5mm & web of 5mm ; b) cover 

of 5mm & web of 10mm ;    c) cover of 5mm & web of 15mm ; d) cover of 10mm & web of 5mm ; e) cover of 10mm & web of 

10mm ; f) cover of 10mm & web of 15mm 

 
Chart 3-: Deformation -Time Curve 

 

 
Chart 4-: Deformation -Time Curve 
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NO.S Model Deformation Time Load Time 

1 C10-W5-PLA 73.207 0.01 12.699 0.002 

2 C10-W10-PLA 66.936 0.01 140.92 0.001 

3 C10-W15-PLA 30.107 0.01 614.63 0.002 

4 C5-W5-PLA 73.768 0.01 42.925 0.001 

5 C5-W10-PLA 74.215 0.01 60.899 0.001 

6 C5-W15-PLA 113.34 0.01 36.83 0.001 

7 C10-W5-LYC 67.789 0.009 715.57 0.001 

8 C10-W10-LYC 42.758 0.009 553.87 0.001 

9 C10-W15-LYC 9.6232 0.002 2433.6 0.001 

10 C5-W5-LYC 68.394 0.009 104.44 0.001 

11 C5-W10-LYC 54.53 0.009 455.62 0.001 

12 C5-W15-LYC 12.927 0.002 2060.00 0.001 

  
Table 2 : Analysis result of Metamaterial panel 

 

V.      CONCLUSIONS 

A metamaterial panel of hexagonal cellular structure is designed. Metamaterial panel of two different materials and various 

thickness of cover and web are modelled and they are allowed to impact testing. From the study of impact testing on Metamaterial 

panel with Poly lactic acid (PLA) and different parameters, it is observed that Model with cover thickness 5mm and web thickness 

10mm undergoes more deformation, this will not take impact force, i.e., impact resistance is more and has more energy absorption 

and Model with cover thickness 10mm and web thickness 15mm undergoes lesser deformation, this takes more impact force. More 

deformable and model which do not bounce back will be considered as effective model. Metamaterial panel with Low yield carbon 

(LYC) and different parameters, it is observed that Model with cover thickness 10mm and web thickness 10mm shows deformation 

and this model will take lesser energy, so damage will be less. Model with cover thickness 10mm and web thickness 15mm & 

Model with cover thickness 5mm and web thickness 15mm undergoes lesser deformation, this model is taking impact force. Other 

models undergo more deformation, where models are not taking the impact force  
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