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Abstract: As One Of The Key Components Of Car, The Frontal Bumper System Plays An Important Role In The 

Low Speed Impact. Frontal Bumper System Protects The Principal Parts Of The Car At Low Speed Impact. In 

The Majority Of Crashes, The Pedestrian’s Side Is Impacted By The Front Of The Car. Metal Honeycomb Are 

Widely Applied As Core Of Sandwich Structures Of Energy Absorbers Due To Their Excellent Mechanical And 

Energy Absorption Properties. The Aim Of The Paper Is To Study The Energy Absorption Capacity And 

Behavior Of The Aluminum Honeycomb Sandwich Panels In Low Speed Impact Of The Vehicles. The Result Of 

The Paper Is To Help Designer And Researcher In Performing Functional Analysis Of The Front Bumper 

System Of Cars. 
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I. Introduction 
Bumpers Are Used On Automobile For Absorbing Shock And Impact From Collisions, Thereby 

Decreasing Injury To Pedestrian And Damage To Property, Including The Vehicle. Automotive Bumpers 

Typically Include An Impact Or Reinforcement Beam, Energy Absorbers Surrounding The Beam And A Fascia 

Surrounding The Energy The Energy Absorber. The Beam, Usually Constructed Of High Strength Steel Or 

Aluminium, Is Attached To The Vehicle Frame. The Energy Absorber Is Typically A Foam Material Although 

Hydraulic Or Gas Piston And Cylinder Assemblies Have Been Used. The Third Main Component, The Fascia, 

Is The Visible Exterior Of The Bumper Assembly, And Is Typically Made Of Plastic. Of The Three Main 

Bumper System Components, The One Most Relevant To The Present Invention Is The Energy Absorber. For 

Design And Construction Of Lightweight Transportation Systems Such As Satellites, Aircrafts, High Speed 

Trains And Racing Cars, Structural Weight Saving Is One Of The Major Considerations. To Meet These 

Requirements Aluminium Honeycomb Sandwich Construction Has Been Recognized As A Promising Concept. 

 

II. Literature Review 
Ines Ivanez Et Al. [1] Performed The Experimental Compressive Tests And Numerical Model To 

Determine The Crush Behavior And The Energy Absorption Capability Of An Aluminium Honeycomb Core By 

Varying The Cell Size, Cell Wall Thickness And Material Properties. Conclusion Is That The Energy 

Absorption Capacity Increases With Increase In Cell Wall Thickness And Energy Absorption Capacity 

Decreases With Increase In Cell Size. 

Guangyong Sun Et Al. [2] Performed Three Point Bending (Tpb) And In Panel Compression (Ipc) 

Tests On Aluminium Honeycomb Sandwich Panel With Four Different Parameters Such As Thickness Of Face 

Sheet, Hexagonal Cell Size, Foil Thickness And Height Of Honeycomb Core To Investigate Crushing And 

Energy Absorbing  

G Tiwari Et Al. [3] Carried Out An Experimental And Numerical Simulation On Aluminium 

Honeycomb Structure By Varying Cell Wall Thickness And Node Length, Keeping The Cell Size Constant To 

Determine The Axial Compression Behavior. Experiments Were Conducted On Compressive Testing Machine 

And Numerical Simulations Were Performed On Ls-Dyna. 

Amit Chege Et Al. [4] Examined The Energy Absorption Capacity Of Car Bumper By Using Different 

Materials Such As Foam, Honeycomb, Double Cylinder Model, Double Cylinder Model Filled With Foam And 

Double Half Cylinder Model. The Results Show That The Two Double Half Cylinder Has The Better Energy 

Absorption Than Others. 

P Satya Lakshmi Et Al. [5] Analyzed An Automobile Bumper Using Ansys 15.0 With Steel, 

Composite Steel And Honeycomb Hybrid Structure. It Is Observed That The Honeycomb Hybrid Structure 

Bumper Has Less Deformation Compared To Other Two Materials. 
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Arun Basil Jecob Et Al. [6] Performed Individual Crash Test Analysis Of Car Bumper Made Up Of 

Steel Honeycomb Structure And Aluminium Foam Using Ls-Dyna. Both The Materials Structure Shows The 

Better Impact Absorption Capacity Than Current Steel Bumper Of The Car. 

V Siva Kumar Et Al. [7] Has Done Impact Analysis Of A Car Bumper Made Up From Different 

Materials With Different Loads Using Ansys 14.5. In Metals, Stainless Steel Is Suitable Materials And In Plastic 

Thermoplastic Olefin Is Better Material For Car Bumper. 

R Hedayati Et Al. [8] Studied The Mechanical Properties Of Octagonal Honeycomb Structure Made 

Up From Polylactic Acid (Pla) By Using Analytical, Numerical And Experimental Approaches. All The Results 

Are Compared With Honeycomb Structures Having Square, Triangular, Hexagonal, Mixed, Diamond And 

Kamoge Unit Cell Shapes. 

Dr. S. Srinivasa Rao Et Al. [9] Has Done The Analysis On Bumper Beam Made From Steel By Using 

Ansys 15.0 At Low Speed. Thickness Of Bumper Beam Is Varied During Analysis And Concluded That The As 

Thickness Increases, Stress And Deflection In Bumper Beam Is Decreases But Weight And Rigidity Also 

Increases. The S2 Glass Epoxy Is Proposed That Could Replace The Steel Based On Strength And Weight 

Criteria.  

Pandey Alok S Et Al. [10] Studied The Car Bumper With Different Materials Such As Steel, Carbon 

Fiber Reinforced Polymer (Cfrp), Aluminium Honeycomb Sandwich Panel And Metal Foam. They Found That 

The Aluminium Honeycomb Have High Energy Absorbing Capacity And Low Cost And Weight. It Is Best 

Suited For Car Bumpers. 

S A Abdul Sukkur Et Al. [11] Performed Static Analysis To Obtain The Response Of The Hexagonal 

Honeycomb Sandwich Made Up Of Copper Core And Stainless Steel Panel Faces By Varying Three Different 

Loads For Three Different Core Heights. It Is Found That The Gradient Of The Deflection Curve Is High For 

Lower Core Height And Stress Is Low For Higher Core Height. 

Amey Gongle Et Al. [12] Has Done Analysis Of Hexagonal Honeycomb Structure Made Up From 

Aluminium Alloy By Using Ansys By Varying Cell Size And Keeping Sheet Thickness And Core Height 

Constant. Natural Frequency Of Honeycomb Structure Is Increases With Increase In Cell Size. 

C Ramesh Kannan Et Al. [13] Studied Different Shapes For The Crush Can And Cuboid Seems To Be 

Suitable And Suggested That The Aluminium Is The Best Material For Crush Can. The Honeycomb Structure 

Crush Can Absorb More Energy Than The Plain Crush Can. 

Praveen Kumar A. Et Al. [14] Has Done Analysis On Front Bumper Beam Of Tata 207 By Using 

Different Materials Like Steel, Carbon Fiber, Foam And Honeycomb Structure Using Ansys. The Result Is That 

The Honeycomb Structure Absorbs More Energy And Ensures Pedestrian Safety. 

Xiong Zhang Et Al. [15] Studied The Crush Strength Of Aluminium Honeycomb, Experimentally And 

Numerically By Varying The Cell Numbers And Central Angles. Honeycomb With Different Central Angles 

Has No Significant Difference In Crush Strength But Has Great Influence In Crush Strength Due To Different 

Number Of Cells. 

M Giglio Et Al. [16] Has Studied An Experimental-Numerical Methodology For The Investigation Of 

Three Point Bending Test (Tpbt) On Sandwich Panel Made With Thin Aluminium Skin And Nomex 

Honeycomb Core. Numerical Fe Reference Results Are In Good Accordance With The Experimental Results. 

Ramesh S Sharma Et Al. [17] Has Done Quasi-Static Test And Impact Test On The Hexagonal 

Honeycomb Cell By Varying Its Height And Keeping All Other Dimensions Constant. Variation In Height Of 

The Honeycomb Structure Doesn’t Show Any Significant Change In Energy Absorbing Capacity Of It. Top 

Face Absorbs More Energy Than The Core. 

Mary Et Al. [18] Constructed The Bumper Beam Energy Absorber With Two Different Sized Cell 

Layers To Absorb More Energy And Introduced Reinforcing Material Between These Layers To Increase The 

Strength Of The Energy Absorber. Also Examined Extrusion Process For Manufacturing Open Cell Network. 

A Masoumi Et Al. [19] Investigated Head Injury Criteria (Hic) Value By New Developed Finite 

Element Model By Changing The Car Bonnet Material As Steel, Aluminium And Composite At Eight Different 

Locations. Aluminium Has The Lowest Hic Value And Highest Displacement Than Steel. 

Rikard Fredriksson Et Al. [20] Studied The Levels Of Injury Severity Of Pedestrian In Car Accidents 

At Different Speeds. They Concluded That The Most Commonly Injured Body Region Was Leg. At Higher 

Speed Head And Chest Were Dominating Body Region.  

Wenhao Mu Et Al. [21] Analyzed Frontal Bumper System Of Car For Pedestrian Protection And Low 

Speed Impact. The Optimization Design Of Bumper For Low Speed Impact And Lower Leg Impact Was 

Carried Out And The Optimal Values Of Design Variables Were Obtained. 
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Yi-Ming Jen Et Al. [22] Determined The Bending Fatigue Strength Of Aluminium Honeycomb 

Sandwich Beam By Varying The Thickness Of Face Sheet And Found That No Apparent Relationship Exists 

Between The Face Sheet Thickness And The Fatigue Life Of Specimen. 

 

References 
[1]. Ines Ivañez, Lorena M. Fernandez-Cañadas, Sonia Sanchez-Saez, Compressive Deformation And Energy-Absorption Capability Of 

Aluminium Honeycomb Core, Composite Structures (2017). 

[2]. Guangyong Sun, Xintao Huo, Dongdong Chen, Qing Li, Experimental And Numerical Study On Honeycomb Sandwich Panels 

Under Bending And In-Panel Compression, Materials And Design 133 (2017) 154–168. 
[3]. G. Tiwari, T. Thomas, R.P. Khandelwal, Influence Of Reinforcement In The Honeycomb Structures Under Axial Compressive Load, 

Thin-Walled Structures (June 2017) 0263-8231. 

[4]. Amit Chege, Kshitij, Abhishek Kale, Mohammad Rafiq B Agrewale, Dr. K.C.Vora, Design And Development Of Impact Energy 
Absorbing Bumper, International Journal Of Scientific And Engineering Research, Issn: 2229-5518, Volume 8, Issue 3, March 2017. 

[5]. P. Satya Lakshmi, V. Hari Shankar, Collision Analysis Of An Automobile Bumper Using Fea, International Journal Of Scientific 

And Research Publication, Issn 2250-3153, Volume 6, Issue 11, November 2016. 
[6]. Arun Basil Jecob, Arunkumar O. N, Improving The Crashworthiness Of An Automobile Bumper, Iosr Journal Of Mechanical And 

Civil Engineering, E-Issn: 278-1684 (2016) Pp 67-79. 

[7]. V.Siva Kumar , S.Timothy , M.Naga Kiran, Modeling & Impact Analysis Of A Car Bumper 
[8]. With Different Loads On Different Materials, International Journal Of Innovative Research In Science, Engineering And 

Technology, Issn (Online): 2319-8753, Vol. 5, Issue 11, November 2016. 

[9]. R. Hedayati, M. Sadighi, M. Mohammadi-Aghdam, A.A. Zadpoor, Mechanical Properties Of Additively Manufactured Octagonal 
Honeycombs, Materials Science And Engineering C 69 (2016) 1307–1317. 

[10]. Dr. S.Srinivasa Rao, K.Viswatej, Dr. S. Adinarayana, Design And Sensitivities Analysis On Automotive Bumper Beam Subjected To 

Low Velocity Impact, International Journal Of Engineering Trends And Technology (Ijett), Issn: 2231-5381, Volume 37 Number 2- 
July 2016. 

[11]. Pandey Alok S, Patil Nirav A, Nikumbh Pankaj S., Energy Absorbing Bumpers And It’s Comparative Study, International Journal 

Of Innovative Research In Science And Engineering, Issn:2454-9665, Volume 2, Issue 3, March 2016. 
[12]. S. A. Abdul Sukkur, P. Palanisamy, K. R. Vijayakumar, Experimental Investigations And Finite Element Analysis Of Composite 

Sandwich Structures With Honeycomb Core – Evaluation For Strength And Quality, Carbon – Sci. Tech. 8/1(2016)63-73. 

[13]. Amey Gongle, Prateek Gaikwad, Modal Analysis Of Honeycomb Sandwich Panel By Varying Cell Size. 
[14]. C. Ramesh Kannan, P. Padmanabhan, G. Rajkumar, Optimization Of Bumper Design By Using Crash Test, International Journal Of 

Engineering Research & Technology (Ijert), Issn: 2278-0181, Vol. 3, Issue 11, November-2014. 

[15]. Praveen Kumar.A, Sameer Belagali, Bhaskar, Comparative Study Of Automotive Bumper With Different Materials For Passenger 
And Pedestrian Safety, Iosr Journal Of Mechanical And Civil Engineering, E-Issn: 2278-1684,P-Issn: 2320-334x, Volume 11, Issue 

4 Ver. Iii (Jul- Aug. 2014), Pp 60-64.  

[16]. Xiong Zhang, Hui Zhang, Zhuzhu Wen, Experimental And Numerical Studies On The Crush Resistance Of Aluminum Honeycombs 
With Various Cell Configurations, International Journal Of Impact Engineering 66 (2014) 48-59. 

[17]. M. Giglio, A. Gilioli, A. Manes, Numerical Investigation Of A Three Point Bending Test On Sandwich Panels With Aluminum Skins 

And Nomex™ Honeycomb Core, Computational Materials Science 56 (2012) 69–78. 
[18]. [17] Ramesh S. Sharma, V. P. Raghupathy, Priyamvada G. M., Abhishek A. And Abhiraj M., Investigation Of Low Velocity Impact 

Response Of Aluminium Honeycomb Sandwich Panels, Arpn Journal Of Engineering And Applied Sciences, Issn 1819-6608, Vol.6, 

No.11, November 2011. 
[19]. Mary, Ann Bator, Bumper Energy Absorber And Method Of Fabricating And Assembling The Same, Us 2011/0101714 A1, May 5, 

2011. 

[20]. A. Masoumi, Mohammad Hassan Shojaeefard, Amir Najibi, Comparison Of Steel, Aluminum And Composite Bonnet In Terms Of 
Pedestrian Head Impact, Safety Science 49 (2011) 1371–1380. 

[21]. Rikard Fredriksson, Erik Rosén, Anders Kullgren, Priorities Of Pedestrian Protection—A Real-Life Study Of Severe Injuries And 

Car Sources, Accident Analysis And Prevention 42 (2010) 1672–1681. 

[22]. Wenhao Mu, Jikuang Yang, Optimization Design Of Frontal Bumper System For Both Pedestrian Lower Leg Protection And Low 

Speed Impact Requirement, Doi 10.1109/Icmtma.2013.190. 

[23]. Yi-Ming Jen, Li-Yen Chang, Effect Of Thickness Of Face Sheet On The Bending Fatigue Strength Of Aluminum Honeycomb 
Sandwich Beams, Engineering Failure Analysis 16 (2009) 1282–1293. 

 

 


