
  

 

Abstract—The impact attenuator is a passive safety element 
that protects the pilot's life at the time of a collision. In this 
research, an impact attenuator will be designed and validated 
that exceeds the competition regulations for Formula SAE. Due 
to the high energy absorption capacity of composite materials, 
the design is made of twill fabric carbon fibre. The geometry is 
modeled in Autodesk Inventor, using the finite element analysis 
software Abaqus, the computational simulation is carried out, 
later, the quasiptic crushing test is the test that will validate the 
results obtained in the simulation. In the end, an impact 
attenuator is obtained that exceeds the regulations in terms of 
both dimensioning and energy absorption, besides being light 
and showing a constant deceleration.  

 
Index Terms— Carbon Fiber, Formula SAE, Impact Attenuator, 

Woven Composites. 

 

I. INTRODUCTION 

All vehicles in the Formula SAE competition must have an 

impact attenuator to protect the driver's physical integrity 

in the event of a collision. Due to the high speeds achieved 

by single-seater vehicles, a collision safety feature is of 

paramount importance. 

 

The SAE formula presents the requirements for the 

impact attenuator to be installed on the front of the car[1]: 

 

   At least 200 mm long, with its length oriented 

along the fore/aft axis of the Frame. 

   At least 100 mm high and 200 mm wide for a 

minimum distance of 200 mm forward of the Front 

Bulkhead. 

 

Additionally, in order to make the data report, the 

impact attenuator must be fixed in a single-seater with a 

total mass of 300 kg that impacts a solid with a speed of 7 

m/s. In the event the average deceleration should not 

exceed 20 g's, the peak deceleration should not exceed 40 

g, s and an energy absorption equal to or greater than 7350 

Joules should be recorded. 

 

The SAE Formula establishes the dimensions and 

standard geometry of the impact attenuator that can be 

adopted by the contestants. In any case, each team can 

choose their own design and make use of the best option 

when selecting the manufacturing material. The most 

common materials for the manufacture of an impact 

attenuator are metals, mainly aluminium, which is 

lightweight and when presented in honeycomb 

configuration, great performance is obtained at the time of 

a collision[2]-[3]. 

 

 
Fig.1. FSAE standard impact attenuator (inches) 

 
According to Campbell, a composite material can be 

defined as a combination of two or more materials 

resulting in another material with better properties than 

individual components [4]. The main components of 

composite materials are reinforcement and matrix. Sinha 

points out that the reinforcement, which is stronger and 

more rigid, disperses into a comparatively less strong and 

rigid matrix material [5]. 

 

The absorption of energy in a composite material is 

presented in different ways, the most common are: fiber 

breakage, deformation and delamination [6]. Obradovic, 

Boria and Belingardi studied the frontal impact of 

structures made of composite materials, in their research a 

carbon fiber impact attenuator was manufactured and a 

simulation by finite elements was carried out in the LS 

DYNA software, by means of a quasiptic crushing test the 

simulation results were validated and concluded with a 

light impact attenuator that exceeds the guidelines 

established in the SAE regulation. [7]. 

 

Finite-element simulation using the Abaqus software 

makes it possible to determine the number of layers and 

orientation of fibers and also to visualize the damage and 

delamination of the material using the Hashing damage 

criterion used for composite materials.  
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II. DESIGN ANDNUMERICAL ANALYSIS 

A rectangular shape model is presented at the back and 

cone shape as it approaches the frontal part in order to 

avoid excessive deceleration peaks at the moment of 

impact, in addition, the edges are rounded to avoid stress 

concentrations. The model is 265 mm long, 265 mm wide 

and 215 mm high, over the minimum dimensions 

established in the SAE regulation 

 
Fig.2. Impact attenuator modeling. 

 

The material selected is the carbon fibre 3k 2x2 Twill 

Weave, which is compatible with PR2032 epoxy resin and 

PH3660 hardener, both from Aeroepoxy. In order to 

establish the mechanical properties of the material, 

reference is made to the research carried out by Cruz and 

Shah, in which the characterization of the compound 

CFS003/LTM25 2x2 Twill Weave is carried out. [8]: 

 

TABLE I: MECHANICAL PROPERTIES CFS003/LTM25 

Parameter  Unit Value 

Density (kg/m
3
) 1453 

E1 (GPa) 53.572 

E2 (GPa) 55.158 

E3 (GPa) 48.608 

G12 (GPa) 2.854 

G13 (GPa) 1.427 

G23 (GPa) 2.854 

ν12 - 0.042 

ν13 - 0.028 

ν23 - 0.033 

Xt (MPa) 612 

Xc (MPa) 653 

Yt (MPa) 641 

Yc (MPa) 562 

S12 (MPa) 84 

S13 (MPa) 84 

 

The impact attenuator was assigned to the deformable 

surface type, an analytical rigid type element was created, 

which represents the impact surface. For meshing we used 

the control of sweep and free type mesh, due to the 

complexity of the surface and established a size of 6 mm, 

with this measure was obtained a correct convergence in 

the mesh and guaranteed that the results are correct.

 
Fig.3. Model meshing. 

 

The assembly is performed at a distance of 15 mm 

between the attenuator, which remained fixed during 

analysis, and the contact surface, which has a velocity of 45 

mm /s, the duration of the event, is set at 4.5 seconds, thus 

ensuring that the impact surface has a displacement 

greater than 200 mm. 

 

In order to guarantee a quasi-static response, it must be 

ensured that the kinetic energy is less than or equal to 5% 

of the internal energy at the end of the analysis. In 

addition, the coefficient of friction and damping are defined 

in 0.1 and 0.2 respectively [9]. 

 

 
Fig.4. Quasi-static test results in Abaqus. 

 

After moving 161 mm the impact surface the energy 

absorbed by the model is 7350 Joules, the proportion of 

kinetic energy in relation to internal energy the end of the 

event was 1.9% which guarantees a quasi naptic response. 

 
Fig.5. Decelerationvs.Displacement (Simulation). 

 

The peak and average deceleration rates are set at 31.47 

and 18.47 respectively, which guarantees compliance with 

the regulations. 
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III. EXPERIMENTAL ANALYSIS 

The vacuum bag technique was selected for the 

production of the impact attenuator because it offers the 

exact retention of epoxy resin in the reinforcement and a 

laminate with low porosity index is obtained. [10]. 

 

 
Fig.6. Vacuum model curing. 

 

The quasi-static crushing test was selected for validation 

of the computational simulation. A test is considered 

quasi-static when a time-dependent load is applied that is 

slow enough for inertial effects to be negligible. 

 

For the quasi-static crushing test, the universal Tinius 

Olsen 1000 kN testing machine was used, with a data 

acquisition frequency of 10 Hz using the MTESTQuattro 

software, the head lowering speed was set to 12 mm/min, 

the head displacement at the end of the test was 200 mm.. 

 

 
Fig.7. Tinuis Olsen University Testing Machine. 

 
The duration of the quasi-static crushing test lasted 

approximately 1000 seconds, in which the head achieved a 

displacement of 200 millimeters and the following values 

are recorded: 

 

 
Fig.8. StrengthvsTime (Quasiestatic Test). 

 

The energy absorbed was calculated using the formula 

described in the research carried out by Rappolt, which 

states that  [9]: 

 

                 
 

   
 (1) 

 

Where n is the total number of increments,    y    is the 

force and displacement in increment   respectively. The 

following shows the energy absorbed curve as a function of 

displacement. 

 

 
Fig.9. Absorbed Energy vsDisplacement (Quasiestatic Test). 
 

After performing the quasi naptic crushing test and 

analyzing the results, it is determined that when 7350 

Joules of absorbed energy were reached, the head 

displacement was 151 mm, in addition, the peak and 

average deceleration was 32.42 and 18.41 respectively 

 
Fig.10. Overlapping curves.Simulation vs. Test. 

 

TABLE II: COMPARISON OF RESULTS 

Parameter 
Quasi Static 

Test 
Simulation 

Error 

rate 

Displacement

@ 7350 

Joules 

151 mm 161 mm  6.62 % 

Peak 

Deceleration 
32.42 g 31.47 g -2.93% 

Deceleration 

Average 
18.81 g 18.47 g -1.84% 

IV. RESULTS DISCUSSION 

After finite element analysis, it was observed that the 

impact attenuator deformation suffered as the impact 

surface was displaced, when approaching 40 millimeters of 

displacement, the first fractures of the material could be 

visualized and when reaching the minimum required 
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absorption energy of 7350 Joules, at 161 millimeters of 

displacement, the damage and deformation caused in the 

material was evident, in the same way, when analyzing the 

curves of strength and perform the calculations necessary 

to obtain the acceleration curve, the results shown are 

satisfactory because they are within the parameters 

required by SAE regulations. 

 

 
Fig.11. Deformation and material damage (Simulation). 

 
After performing the quasi-static crushing test, it can be 

asserted that the results obtained in finite element analysis 

are correct due to the low error rate when compared with 

the results obtained in the quasi-static test. With regard to 

damage and deformation caused to the material, it can be 

verified that both the computational analysis and the 

quasi-static crushing test showed fractures and 

delamination. When comparing the model of the 

computational simulation with the manufactured model, it 

tends to be similar, so it is deduced that the parameters of 

mesh size, coefficient of friction, damping coefficient and 

the mechanical properties of the material were successful 

to perform the present analysis. 

 

 
Fig.12. Deformation and material damage (Test). 

V. CONCLUSIONS 

At the end of this study, an impact attenuator is obtained 

that complies with the SAE regulation conditions, obtaining 

a peak and average deceleration of 31.47 g and 18.47 g 

respectively, with an impact energy absorption of 7350 J in 

the finite element simulation.  

The results of the quasi-static crushing test had a 

variation of 6.62 %, -2.93 % and -1.84 % in displacement, 

peak deceleration and average deceleration compared to 

the finite element analysis, which validates the 

computational simulation. 

 

The impact attenuator provides a constant deceleration 
at a reduced displacement of 151 mm, as its average 
deceleration remains 8.2 % below the maximum 
permissible 20 g limit. 
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