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Abstract— This paper focus on design and analysis of the 

attenuator structure for better impact performance for 

FSAE car. Different design honeycomb attenuator 

structure and baseline model of FSAE with different 

material is used to identify the energy absorption as well 

as deceleration level. The methodology involves 

Geometric modelling, Finite element analysis, Simulation 

and reviewing results. CAD and CAE tools were used to 

model and perform Finite Element Analysis respectively. 

The energy absorption of honeycomb attenuator structure 

was studied by varying the honeycomb structure. The data 

requires the vehicle is traveling at 7 m/s during the impact 

with a total mass of 300 kg. The peak deceleration during 

the impact must be under 40g. Aluminum honeycomb 

attenuator with uniform thickness satisfies these 

acceptable results.  Overall, the results highlight the 

advantage of uniform wall thickness honeycomb 

attenuator structure for absorbing impact energy, which 

also meets the FASE regulatory requirements of Impact 

attenuator. 
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I. INTRODUCTION 

FSAE is a design competition for students, organized by 

the Society of Automotive Engineers created in 1978 

(SAE International). The competition is based entirely on 

a hypothetical situation. Students are asked to design a 

small autocross prototype formula race car for some 

manufacturing company. There are some restrictions on 

the students while designing, other than they must 

contend in the numerous scoring competitions explained 

by the FSAE rules. The impact attenuators can be placed 

either on vehicle or on the road barriers for absorbing 

huge impacts to protect people and frames. FSAE requires 

that each car in the operation must have an impact 

attenuator that meets testing and specifications criteria. 

The impact attenuator serves dual purpose; it protects the 

race car structures as well as the driver. It absorbs the 

crash energy in a controlled manner, thus offering the 

required protection. This is done by achieving two safety 

goals: 

 Diminishing the initial force of the impact. 

 Redistributing the force before it reaches the 

passenger. 

 
Fig. 1: Impact attenuator attachment to front bulkhead. 

II. LITERATURE SURVEY 

Ashab et al. (2016) they has studied mechanical behavior 

of aluminum hexagonal honeycombs subjected to out-of-

plane dynamic indentation and compression loads has 

been investigated numerically using ANSYS/LS-DYNA. 

The finite element (FE) models has been verified by 

previous experimental results in terms of deformation 

pattern, stress-strain curve, and energy dissipation. The 

verified FE models were used in comprehensive 

numerical analysis of different aluminum honeycombs. It 

was found that the plateau stress, dissipated energy, and 

tearing energy increase with the t/l   ratio. [1]  

Chavan (2016), he has carried out material 

testing of honeycomb, polyethylene foam and 

polyurethane foam. In that he studied polyurethane foam 

was giving better energy absorption. By using 

polyurethane foam design and fabrication of impact 

attenuator was carried out. Compared Drop testing 

deceleration result with simulation result on LS-DYNA. 

Finally concluded it was safe to use polyurethane foam as 

an impact attenuator. [2] 

Kevin Mathew Koshy and S. Jeyanthi (2016) 

Thin walled circular tubes are used in many practical 

situations to absorb impact energy, the axial impact of 

these thin-walled tubes absorb deformation energy at 

nearly constant load resulting in high energy absorption. 

This paper investigates the dynamic progressive buckling 

response of empty and foam filled tubes under quasi static 

loading conditions and validation of results using 

nonlinear finite element code LS-DYNA.  [3] 

Sharavan et.al. (2014), They has compare the 

computer simulated results of energy absorbing 

capabilities of Aluminium 6082 T6 foils for impact 

attenuator using ANSYS with that of the actual drop test 

values performed in the structural mechanics laboratory of 

IIT Madras. The analysis results was found in good 

agreement with experimental results obtained from crash 

testing in real time and that validates our design of the 

attenuator. Concluded that average deceleration of impact 

was less than 20 g as per the requirement of SUPRA SAE 

design rules. [5] 

Devender Kumar et al. (2012) Driver Safety is 

one of major research area in race car engineering. 

Researchers are designing advance active and passive 

safety system to assure the safety of the driver. The 

analysis results are found in good agreement with 

experimental results obtained from crash testing in real 

time, performed at ARAI, Pune. Average deceleration of 

impact is less than 20 g as per the requirement of FSAE 

design rules. [8] 

 

Impact Attenuator 

Impact attenuator 
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III. RESEARCH GAP 

In Formula SAE (Society of Automotive Engineering) 

racing cars, may roll over the track causing the car to be 

shattered, which is one of the clichéd images at any car 

racing accident. Hence, it is very important to design 

impact attenuators in order to protect the driver from any 

serious wound, in case of any mishap. From literature 

survey four type of impact energy absorber are used thin 

walled tube & column, Nose cone, Foam filled, 

Honeycomb structure for attenuator. Most of authors 

concluded that honeycomb structure is better energy 

absorber hence we selected this type of structure for 

design attenuator with different material. As per FSAE 

2009-2010 rules for car attenuator should be light in 

weight, avg. decelerate up to 20g. From literature survey 

we get aluminium 5052-H111 material is giving good 

result hence this material is used to attenuator for improve 

impact performance by reducing deceleration. 

IV. OBJECTIVE 

1) To analyze geometric model of standard FSAE 

impact attenuator (baseline model) to understand the 

crash results as per FSAE regulatory requirements. 

2) To design and analyze different structures of 

honeycomb attenuator with different material to 

improve the impact performance. 

3) To compare the analysis results of base line 

attenuator design with honeycomb attenuator design. 

4) To analyze results of attenuator to achieve desired 

FSAE regulation. 

5) Experimental validation by using Drop Test. 

V. PROBLEM STATEMENT 

The surface of the attenuator must be over 200mm long 

(fore/aft of the frame), 100mm high, and 200mm wide. 

This will allow the Impact Attenuator to be a minimum 

distance of 200mm from the Front Bulkhead.  

Impact Attenuator when mounted on the Front 

Bulkhead, would give an average vehicle deceleration of 

less than 20g (where g = 9.8 m/s2) while hitting a non-

yielding surface. The data requires the vehicle is traveling 

at 7 m/s during the impact with a total mass of 300 kg. 

The peak deceleration during the impact must be under 

40g. 

VI. METHODOLOGY 

 
1) Books, journals and conference proceedings were 

reviewed to understand the design of attenuator, crash 

analysis and attenuator requirements for FSAE car. 

2) Literature study was done to identify Energy 

absorption, Deceleration in crash, Specifications and 

Design of different impact attenuator structures using 

CAD and CAE tools. 

3) Finite Element Analysis of baseline model and  

honeycomb structure (Two different design) was 

done using: 

4) Pre-processing in Hypermesh, simulation in LS-Dyna 

and post processing in Hyperview. 

 Meshing the CAD 

 Assigning material (in Dyna deck) 

 Applying boundary conditions 

 Applying load case i.e, initial velocity of 7m/s 

(approximately 25km/h) 

5) Analysis results were validated with FSAE 

regulations and Baseline model. 

VII. SIMULATION OF IMPACT TESTING 

A. Case-I) Catia Baseline Model of Impact Attenuator.  

This is standard Baseline Model from FASE rule book. 

 
Fig. 2: Baseline Model 

 
Fig. 3: Impact attenuator at 0, 15, & 30 millisecond 

 
Graph 1: Decceleration plot 

It is clearly visible from above plot that the peak 

deceleration is around 8.5g and it is 57.5% less than the 

FSAE requirement which is 20g. So this baseline impact 

attenuator model with aluminum material is meeting 

FSAE requirements. 
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B. Case-II) Honeycomb Impact attenuator Simulation 

with Aluminum material. (Non-Uniform) 

 
Fig. 4: Non-Uniform thickness honeycomb structure 

 
Graph 2: Deceleration plot 

It is clearly visible from above plot that the peak 

deceleration is around 14.9g and it is 25% less than the 

FSAE requirement which is 20g. So this Honeycomb 

impact attenuator model with aluminum material (Case-II) 

is meeting FSAE requirements. 

C. Case-III) Honeycomb Impact attenuator Simulation 

with Steel material. 

 
Graph 3: Deceleration plot 

It is clearly visible from above plot that the peak 

deceleration is more than 40g and it is against the FSAE 

requirement. So this Honeycomb impact attenuator model 

with steel material (Case-III) is not meeting FSAE 

requirements. 

D. Case-IV) Honeycomb Impact attenuator Simulation 

with Aluminum material (AA 5052- H111) with Uniform 

thickness. 

 
Fig. 5: Uniform thickness honeycomb 

 
Graph 4: Deceleration plot 

It is clearly visible from above plot that the peak 

deceleration is around 8.1g and it is 60% less than the 

FSAE requirement which is 20g. So this Honeycomb 

impact attenuator model with aluminum material (Case-

IV) is meeting FSAE requirements. 

VIII. EXPERIMENTAL VALIDATION 

In order to ensure the functionality of the designs created, 

the group decided to conduct a drop test. The purpose of 

this test is to subject the attenuators to forces required by 

FSAE regulations. By using drop testing apparatus prior 

to impact with the honeycomb and foam design 

attenuator. It has four main supports which hold the 

weight needed for each specific test. The supports also act 

as a track system to keep the load on a straight path to its 

intended target. Although the device itself is 10 feet tall, 

once weights are attached the Centre of mass drops to 

about 7.5 feet. 

 
Fig. 6: Honeycomb Attenuator before Crash 

Deceleration 

is above 40g 
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Fig. 7: Honeycomb Attenuator after Crash 

A. Preliminary Calculations:  

As per input we know mass m = 300 kg & V = 7 m/s. 

We know that, Kinetic Energy 

K.E = 0.5*m*v2  

Where,  

m =mass of SAE car 

v = velocity of the vehicle 

So, 

K.E= 0.5*300*72 

K.E=7350 J  

i.e.  K.E = P.E = 7350 J  

P.E = m*g*h  

7350 = 300*9.81*h 

So we get h = 2.49 meter   

Time t = v / a 

            = 7 / 9.81 

            = 0.7135 sec. 

Deceleration = (Vi - Vf ) / ∆t  

Where ∆t = tf  - ti 

Sr. 

No. 
Material 

Numerical  

Approach 

Experimental  

Approach 

1 
Aluminum for 

Baseline model 
8.5g - 

2 

Aluminum (AA-

5052- H111) Non 

uniform 

honeycomb 

thickness 

14.9g 13.6 g 

3 
Steel honeycomb 

structure 
78g Not acceptable 

4 

Aluminum (AA- 

5052- H111) 

Uniform 

honeycomb 

thickness 

8.1g 8.4 g 

Table 1: Result of Deceleration for Different Material 

IX. CONCLUSION 

In this paper, given a detailed analysis of the crash 

behavior of the Impact attenuator structure that was 

designed to equip the Formula SAE car is presented. The 

design of the energy absorbing structure has to allow a 

progressive force evolution, avoiding deceleration peaks. 

The results of the project are fit well with the 

requirements of the FSAE rules, as they require the 

impact attenuator which provides a deceleration around 

20g when it impacts at 7m/s. All the results except Case-2 

confirm that the designed structures are very good from 

the point of view of frontal impact, with good absorption 

of the impact energy. 

 The maximum deceleration achieved in the Case-1 

iteration is 14.9g and it is 25% lesser than the FSAE 

requirement (20g).  

 The maximum deceleration achieved in the Case-2 

iteration is more than the FSAE requirement (20g) 

and it is not meeting the requirement. 

 The maximum deceleration achieved in the Case-3 

iteration is 8.1g and it is 60% lesser than the FSAE 

requirement (20g). 

 Deceleration level in each case is below 20g except 

Case-2, hence meeting the FSAE regulatory 

requirements. 

From the analysis of the four different iterations including 

baseline attenuator, we conclude that, 

 The fourth iteration Impact attenuator made of 

aluminium honeycomb (Case-III) is 46% better than 

Case-1 and 80% better than Case-II. Hence, it is the 

best design in terms of the deceleration requirements 

of FSAE.  

 In this research, experimental result and numerical 

result shows good agreement  

 From experimental approach aluminium honeycomb 

Case-III structure is better than steel as well as Case-I  
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