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ABSTRACT

Impact attenuators are passive safety components that are developed to protect the structural 
elements of the vehicle and the people inside it. In this study, an impact attenuator is designed 
for Formula SAE (Society of Automotive Engineering) competition racing car. Due to the 
SAE regulations, the impact attenuator must absorb 7350 J of collision energy in a frontal 
collision at a speed of 7 m/s, without resulting in any deformation to the vehicle structural 
elements. Numerical simulations are performed using ANSYS Workbench finite element 
software. The material model for the impact attenuator is selected as AA6061-T6 aluminum 
alloy due to its high energy absorption performance. It is found that the design with varying 
wall thickness to be the most efficient in terms of crash force efficiency and specific energy 
absorption when compared to the basic conical impact attenuator design. A reduction of 
64.99% on the maximum impact force, an increase of 58.76% deformation, and an increase of 
30.77% crash force efficiency were achieved between the first design and the final design with 
varying thickness.

Cite this article as: Kaya D, Özyurt E. Design and optimization of impact attenuator for a 
Formula SAE racing car. Sigma J Eng Nat Sci 2022;40(2):390–401.

Sigma Journal of Engineering and Natural Sciences
Web page info: https://sigma.yildiz.edu.tr

DOI: 10.14744/sigma.2022.00041

Research Article

Design and optimization of impact attenuator for a Formula  
SAE racing car

Doğukan KAYA1 , Erdem ÖZYURT1*
1Eskisehir Technical University, Department of Mechanical Engineering, 26555, Eskisehir, Türkiye

ARTICLE INFO

Article history
Received: 14 December 2020
Accepted: 13 April 2021

Key words:
Energy Absorption; Formula 
SAE; Impact Attenuator; Frontal 
Collision; FEM

*Corresponding author.
*E-mail address: eozyurt@eskisehir.edu.tr

This paper was recommended for publication in revised form by 
Regional Editor Hasan Koten

Published by Yıldız Technical University Press, İstanbul, Turkey
Copyright 2021, Yıldız Technical University. This is an open access article under the CC BY-NC license (http://creativecommons.org/licenses/by-nc/4.0/).

INTRODUCTION

The safety of passengers and drivers in a vehicle is one 
of the highest responsibilities of automotive manufactur-
ers. Accidents always occur either caused by the driver or 
external factors. By observing these accidents, the German 
Insurance Association (GIA) carried out statistical evalua-
tions of collisions where cars were damaged or passengers 
were injured; 79% of the accidents were due to the mistakes 
made by the drivers, the remaining 21% were due to the 

road, weather conditions, etc. [1]. Thus, manufacturers and 
researchers developed active and passive safety systems 
that ensure the safety of both vehicles and the occupants. 
Impact attenuators are one of the passive safety systems 
that ensure the integrity of structural elements of the vehi-
cle and the safety of the passengers in the event of an acci-
dent. Especially for a racing car traveling at high speeds, 
fatal consequences may occur for the driver in case of an 
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accident. Due to the relatively high speed of the race car, a 
high amount of impact energy is released in case of a frontal 
collision. Therefore, the impact energy must be absorbed by 
an impact attenuator located at the frontal bulkhead of the 
racing car.

Crashworthiness defines the energy absorbing capabil-
ity of the vehicle in a collision. Energy absorbing elements 
mostly rely on structural fractures, buckling, and plastic 
deformation to absorb the impact energy [2, 3]. Sufficient 
crashworthiness of the racing car is an expected criterion 
for the safety of the driver in the event regulations of the 
Formula SAE competition. An impact attenuator must be 
installed on the frontal bulkhead of the race car. By the 
Formula SAE regulations, impact attenuator mounted in 
the frontal bulkhead must satisfy the following require-
ments [4]:

a. At least 200 mm long, with its length oriented along 
the fore/aft axis of the frame.

b. At least 100 mm vertically (perpendicular to the 
ground) and 200 mm laterally (parallel to the ground) 
for a minimum distance of 200 mm forward of the 
Front Bulkhead.

c. Designed impact attenuator must not be penetrating 
the front bulkhead in the event of a collision.

d. When an impact attenuator mounted on the front of 
a racing car with a total mass of 300 kg, and run into 
a solid, non-yielding impact barrier at a velocity of 7 
m/s, the impact attenuator must be absorbing all the 
7350 J impact energy or more of the energy will be 
released in a frontal collision. Also, the average decel-
eration of the racing car should not exceed 20 g, with 
a peak deceleration less than or equal to 40 g.

There are no rules other than the specified criteria, and 
the originality in design is left to the contestants. Also, 
the material to be used for the impact attenuator is not 
restricted by the rules, contestants are free to choose any 
type of material. In energy absorption studies, aluminum 
alloy is a widely preferred material because it is lightweight, 
cheap, and easily accessible. In the existing literature, it was 
proven that aluminum alloy is a good choice of material due 
to its energy absorption capacity [5-7]. It was also used in 
both low-velocity [8] and high-velocity [9] impact applica-
tion studies. 

The shapes of deformable impact attenuators include 
steel drums [10], circular tubes [11], tubular rings [12], 
square tubes [13], corrugated tubes [14], multi-corner col-
umns [15], frusta [16], struts [17], honeycomb cells [18], 
sandwich plates [19] and some other particular shapes such 
as stepped circular thin-walled tubes [20] and top-hat thin-
walled sections [21]. However, from the evidence in many 
studies in the literature, thin-walled conical impact attenu-
ators with circular cross-sections are preferred due to their 
energy absorption efficiency and ease of manufacture [22, 
23]. Belingardi et al. [24], showed that circular and elliptical 
holes on the thin-walled frustum impact attenuators have a 

better energy absorption efficiency, and improves specific 
energy absorption (SEA) because of their lightweight.

The response of thin-walled impact attenuators to axial 
impact depends on several parameters. One of which is 
the geometrical parameters such as length, width, and 
thickness, which directly influence the deformation shape 
of the impact attenuator. In a numerical study of thin-
walled impact attenuators, Jensen et al. [25] proved that 
the transition from progressive to global buckling is highly 
dependent on the impact velocity. Considering the energy 
absorption efficiency, the desired deformation type of the 
impact attenuators is local buckling [26-28].

This study aims to design an impact attenuator to pre-
vent the deformation of the structural components of the 
Formula type single-seater race car that will participate 
in the race within the scope of the Formula SAE compe-
tition. Although there is a sufficient number of academic 
publications on the subject of energy absorption since the 
subject is related to safety, it is constantly being worked on 
and development studies continue in this area. The differ-
ence between this study from existing studies is that it is 
designed for a special type of vehicle and includes the opti-
mization of the energy absorber that will meet certain regu-
lations. For this purpose, various design parameters were 
numerically investigated for the particular case. Equations 
and brief information about energy absorption phenomena 
were presented. Results and discussion sections were given 
including the optimized geometry. Finally, the conclusions 
based on findings were provided.

DEFINITIONS OF ENERGY ABSORPTION 
CONCEPT AND DEFORMATION

In the event of a collision, the kinetic energy of the rac-
ing car is transformed into the impact energy which the 
impact attenuator absorbs through plastic deformation. 
Impact attenuators are expected to be able to absorb large 
amounts of energy, but this energy absorption also has a 
limit. During the collision, the impact forces on the sur-
face struck by the impact attenuator must have a maximum 
limit value depending on the material properties of the 
impact attenuator. Otherwise, catastrophic failure occurs if 
this maximum limit value is exceeded.

Total energy absorption is defined as the work done by 
impact force. The total energy absorption is expressed as:

 E F dt impact= ⋅∫ δ  (1)

where Et is the total energy absorption, Fimpact is the impact 
force, and δ is the deformation. Also, the same equation 
expressed by an average impact force and deformation.

 E F d Ft impact ave impact ave p
p

= ⋅ = ⋅ −( )∫ , ,δ

δ
δ δ δ  (2)
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The central differences method is used for the integra-
tion of motion equations in ANSYS Workbench / Explicit 
Dynamics software. In the central differences method, the 
position, velocity-acceleration expressions in the equation 
of motion are written to include the previous and next time 
steps. The equations of motion of the system are solved by 
placing these time-dependent expressions and the deriva-
tive of position with respect to time into the equation of 
motion of the system.

A dynamic system can be mathematically expressed by 
ordinary differential equations. The equation of motion of 
the system includes displacement (position), velocity, and 
acceleration. Velocity and acceleration are expressed in 
time derivatives of position. Velocity and acceleration equa-
tions are shown in 6 and 7:

 �u
t

u un n n=
⋅ ∆

⋅ −( )+ −
1

2 1 1  (6)

 ��u
t

u u un n n n=
∆( )

⋅ − +( )+ −
1

22 1 1  (7)

where n, n + 1 and n − 1 subscripts represent the current 
(tn), one step next (tn+1) and one step earlier (tn−1) system 
states, respectively.

The equation of motion of the system at the time tn 
expressed as:

 M C K P�� �u u un n n n+ + =  (8)

where M is the mass matrix, C is the damping matrix, K is 
the rigidity matrix and Pn is the external loading matrix.
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Finally, if the displacement, velocity, and accelera-
tion expressions are written in equation 8, the equation of 
motion for the system is obtained as in Equation 9.

Deformation Modes
Impact attenuators absorb the impact energy by plas-

tic deformation. The plastic deformation pattern formed 
in the impact attenuators differs according to the type of 
loading. Generally, three deformation types that exist for 
impact attenuators are global buckling, local buckling, and 
catastrophic failure (sudden load-bearing capacity loss). 
However, a catastrophic failure is undesirable for an impact 
attenuator design.

Global buckling is referred to as Euler’s buckling. This 
type of deformation reduces the energy absorption capa-
bility of a structure, so it is an undesirable form of buck-
ling in energy absorption applications [26]. However, local 

where δ − δp is the deformation range and Fimpact,ave is the 
average impact force obtained as:

 F
E

impact ave
t

t
, =

δ
 (3)

where Et is the total energy absorption and δt is the total 
deformation. In addition to total energy absorption, spe-
cific energy absorption should be taken into consideration 
depending on the amount of energy absorbed and the 
weight of the impact attenuator. The specific energy absorp-
tion (SEA) can be expressed as:

 E
E
mSEA

t=  (4)

where  ESEA is the specific energy absorption (SEA), Et is the 
total energy absorption, and m is the mass of the impact 
attenuator. The designed impact attenuator should be 
as light as possible. Weight is an important factor in the 
impact attenuator to keep the vehicle balanced and main-
tain the center of gravity. This factor may differ depend-
ing on the vehicle’s weight. The impact attenuator used in 
automobiles is desired to be light, but the lightness of the 
impact attenuator used in high tonnage trucks is not of 
great importance.

The crash force efficiency (CFE) is expressed as:

 CFE
F

F
impact ave

max

= ,
 (5)

where is CFE the crash force efficiency, Fimpact,ave is the aver-
age impact force, and Fmax is the maximum impact force 
response of the impact attenuator.

Since collision analysis contains complicated calcu-
lations, numerical methods are used. Among the large 
number of software on such type of analysis, ANSYS 
Workbench is one of the most widely used. [29, 30] 
For this reason, the study was conducted with ANSYS 
Workbench. There are two methods of time integration 
used in ANSYS Workbench; implicit and explicit. In the 
implicit time integration method, displacement is not the 
function of time. Therefore, the calculation is carried out 
by neglecting the velocity and acceleration values obtained 
by the derivatives of displacement. This method is not suit-
able for cases caused by large deformations and where high 
speeds are reached in a short time. Unlike implicit meth-
ods, the explicit method is time-dependent. Therefore, 
velocity, acceleration, mass, and damping are considered 
with this method. Hence, the main method used in the 
present study is the explicit finite element analysis, which 
is known to be a better method for structural problems 
involving large deformations, high strain rates, and com-
plex contact interactions occurring within a short amount 
of time. [31, 32]
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buckling is the desirable form of deformation for impact 
attenuators because only axial forces occur on the impact 
attenuator. This causes the impact attenuator to deform 
with the folds spread at certain intervals close to a homoge-
neous distribution [33].

MATERIALS AND METHODS

The main method used in the present study is the 
explicit finite element analysis, which is known to be bet-
ter in comparison to the implicit method for structural 
problems involving large deformations, high strain rates, 
and complex contact interactions occurring within a 
short amount of time [31, 32]. In this study, the commer-
cial finite element program ANSYS Workbench/Explicit 
Dynamics was used for simulating the behavior of the 
impact attenuator system during the collision of the race 
car.

Numerical Model
The measurements of all impact attenuators analyzed in 

the study were designed in accordance with the Formula 
SAE regulations. The detailed model drawings are shown 
in Figure 1 and the dimensions of the designs are given in 
Table 1.

Initial and Boundary Conditions
The initial and boundary conditions defined in the finite 

element model must reflect the actual real-life condition of 
the collision so that the response of the impact attenua-
tor can be correctly predicted. In this analysis, the impact 
attenuator and the race car have an initial velocity of 7 m/s 
as mentioned in the Formula SAE regulations.

There are three main parts in the geometric assem-
bly. These are the impact attenuator, the rigid wall, and 
the base part which represents the race car. The impact 
attenuator and base part were bonded together during the 

Figure 1. Dimension details of impact attenuator designs.

Table 1. Dimensions of all impact attenuators.

Dimensions 2 mm 2 mm with  
grooves  

2 mm with grooves and 
holes

varying thickness with 
grooves

A [mm] 100 100 100 100
B [mm] 200 200 200 200
C [mm] 200 200 200 200
D [mm] - 12.72 12.72 -
E [mm] - 52.72 52.72 -
F [mm] - 25.45 25.45 -
G [mm] - - 15 -
H [mm] - 14.55 14.55 40
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collision. The contact between the impact attenuator and 
the rigid wall was set as frictional contact pair with kine-
matic and dynamic frictional coefficients of 0.2 and 0.1 
respectively which is also commonly used in the current 
literature [34].

The displacement of the rigid wall in which the 
impact attenuator crashes was restricted in all axes. 
Therefore, when the impact attenuator collides with 
the rigid wall, the wall has to stand still at its position. 
The base part and impact attenuator can translate only 
in the direction of movement. For better visualization 
of the analyzed model, the collision model is shown in 
Figure 2.

Material Selection
The choice of material model is very important as it 

directly affects the energy-absorbing behavior of the part. 
The preferred material in this study is aluminum alloy 
AA6061-T6 due to its reputation with energy absorp-
tion performance [9, 35]. This material was coupled with 
Johnson-Cook constitutive material model to consider the 
effect of the velocity on the deformation. The material prop-
erties for Aluminum alloy AA6061-T6 provided by Lesuer 
et al. [35] are given in Table 2.

The material of the base part and a rigid wall was 
selected as structural steel. The material properties of struc-
tural steel are taken from the material library of the ANSYS 
Workbench software and the corresponding properties are 
shown in Table 3.

Mesh Modeling
The mesh method should be properly selected depend-

ing on the geometry of the design. According to the struc-
ture of the geometry, a multizone method was selected 
for meshing operations. Since the number of elements 
depends on the element length, operations can be per-
formed by changing the element length adjustments on 
the software. As the element size gets smaller, the analysis 
gives more accurate results, but the analysis time increases 
significantly. For this reason, it is very important to deter-
mine the optimum element size. There are quality criteria 
in ANSYS Workbench to determine these optimum values, 
which are:

Element Quality: It shows on a 0 to 1 quality scale 
according to the result of the analysis. A minimum of 0.7 
quality elements gives efficient results for analysis [36].

Skewness: Indicates the distortions / irregularities of tri-
angles and rectangles formed in the mesh according to the 
internal angles. In the scale given between 0 and 1, it gives 
optimum results when the values  approach 0 [36].

Aspect Ratio: For the triangles and quadrilaterals in the 
mesh, the best view indicates the function of the ratio of the 
longest edge of the reconstructed quadruple to the shortest 
edge. The fact that the values   are close to 1 indicates that the 
results are efficient [36].

Using these criteria, a mesh optimization study has 
been carried out and the optimum element length has been 
selected as 3 mm. The trials and results of the given element 
quality criteria are given in Table 4. The detailed meshing of 
the design is shown in Figure 3.

a. 2 mm thick square cross-sectioned,
b. 2 mm thick circular cross-sectioned, 
c. 2 mm with grooves
d. 2 mm with grooves and holes
e. varying thickness with groovesFigure 2. Collision model of the Impact Attenuator.

Table 2. The material properties and Johnson-Cook constants for AA6061-T6 [35].

E [GPa] σy [MPa] Et [MPa] ρ [kg/m3]  v [-] A [MPa] B [MPa] n C m

70 276 562   2700   0.33 324 114 0.42 0.002 1.34

Table 3. The mechanical properties of structural steel.

Material E [MPa] σy [MPa] ρ [kg/m3]     v [-]

Structural Steel 200 000 250 7850 0.30
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4. RESULTS AND DISCUSSIONS

Model Validation 
In order to confirm the accuracy of the finite element 

model used in this study, an existing study from the litera-
ture was remade with the model generated in this study, 

and the results were compared with the original ones. 
Oshinibosi’s study [34] was used for means of comparison. 
Square and circular cross-sectioned impact attenuators 
used in Oshinibosi’s study were generated with the current 
model, and the results can be seen in Table 5. Also, Table 
5, shows the percentage differences between the values   

Figure 3. A detailed mesh models of impact attenuator design.
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between Oshinibosi’s and the current study. Accordingly, 
the differences between original and remade models  were 
calculated. Consequently, it was proven that the cur-
rent model is working and providing accurate results as 
intended.

After the validation, both square and circular cross-
sectioned impact attenuators are then simulated using the 
material AA6061-T6. The impact force difference between 
circular design and square design’s graphical expression is 
shown in Figure 4 and energy absorption differences are 
shown in Figure 5. As shown in Table 6, the comparison 
of the impact attenuators shows that the circular cross-sec-
tion design undergoes more amount of deformation than 
the square cross-section design, resulting in more efficient 
energy absorption. Also, the impact force efficiency of the 
circular cross-section impact attenuator is higher than the 
square-section impact attenuator which is desirable in this 

type of application. Therefore, the circular cross-sectioned 
impact attenuator has been chosen as the main geometry 
for optimization studies.

First Optimization 
In the first optimization study, the results obtained 

by changing the thickness of the circular cross-sectioned 
impact attenuators were analyzed. In this optimization 
case, all models satisfy the energy absorption require-
ments of the regulation. However, the suitability of 
energy absorption alone is not sufficient. In order to 
improve the current design, CFE and SEA must be maxi-
mized. SEA is directly related to the mass of the impact 
attenuator. 

The impact forces obtained as a result of the analysis 
are shown in Figure 6 and also, energy absorption dif-
ferences between designs are shown in Figure 7. As can 

Table 4. Element qualities are based on the selection of element length.

Element Length [mm] Element Quality Skewness Aspect Ratio Elements Nodes
10 0.37 0.88 3.96 10846 3796
8 0.38 0.72 3.63 13317 4663
5 0.64 0.54 2.56 32875 11144
3 0.84 0.23 1.50 91981 31012
2 0.82 0.34 1.49 276215 81438
1 0.83 0.24 1.47 2419495 544696

Table 5. Comparison of the current study and Oshinibosi’s study [34].

Crash Parameters Oshinibosi’s 
Circular 
Frustum

Circular 
Frustum

% Difference Oshinibosi’s 
Square Frustum

Square Frustum % Difference

Absorbed Energy [J] 7160.54 7347.49 2.58 % 7126.12 7182.56 0.79 %
Mass [kg] 0.52 0.56 7.41 % 0.67 0.71 5.79 %
SEA [J/kg] 13665.15 13196.16 3,49 % 10667.84 10131.69 5.16 %

Figure 4. Comparison of impact forces with respect to 
deformation for circular and square cross-sectional   impact 
attenuators.

Figure 5. Comparison of absorbed energy with respect to 
deformation for circular and square cross-sectional   impact 
attenuators.
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be seen in Table 7, the SEA value has the highest value 
due to the lower mass of the impact attenuator with a 1 
mm thickness. However, for the model with 2 mm thick-
ness, the CFE value is slightly higher, and the deforma-
tion length is significantly shorter when compared to 

the model with a thickness of 1 mm. Also, a 1 mm thick 
design’s energy absorption is not satisfying the Formula 
SAE rules. For this reason, the model with 2 mm thick-
ness was used for further optimization and improvement 
studies.

Table 6. Comparison results of the analysis made according 
to the shape of the cross-section areas of impact attenuators.

Crash Parameters Circular Square 

Peak Force [kN] 215.58 309.55
CFE [-] 0.54 0.34
Deformation [mm] 62.55 58.17
Absorbed Energy [J] 7347.49 7182.56
Mass [kg] 0.56 0.71
SEA [J/kg] 13196.16 10131.69

Table 7. Comparison results of the analysis made according 
to the thickness of impact attenuators

Crash Parameters 1 mm 2 mm  3 mm
Peak Force [kN] 114.83 215.58 359.11
CFE [-] 0.52 0.54 0.66
Deformation [mm] 132.23 62.55 30.83
Absorbed Energy [J] 7213.17 7347.49 7348.00
Mass [kg] 0.39 0.56 0.83
SEA [J/kg] 18447.99 13196.16 8879.01

Figure 6. Comparison of impact forces with respect to 
deformation for 1 mm, 2 mm, and 3 mm thick   impact 
attenuators.

Figure 7. Comparison of absorbed energy with respect 
to deformation for 1 mm, 2 mm, and 3 mm thick   impact 
attenuators.

Figure 8. Impact attenuators that a) 2 mm thick with grooves and b) 2 mm thick with grooves and holes.
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Second Optimization
Based on the previous optimization cases, the design 

parameters of the impact attenuator have been determined as 
having a circular cross-section with a thickness of 2 mm. In 
the second optimization, the effect of the grooves and holes 
on the lateral surfaces of the impact attenuator designs was 
investigated. The design of the impact attenuator with grooves 
and with additional holes are shown in Figures 8a and 8b 
respectively. It is expected that the holes and grooves on the 
lateral surfaces increase the energy absorption rate by increas-
ing the deformation of the impact attenuator and increase the 
specific energy absorption due to the decrease in mass.

Analysis results show that grooves and holes on lateral 
surfaces significantly increase the deformation values and 
decreases the impact forces as shown in Figure 9 and 10. 
Also, CFE was improved due to the existence of grooves 
and holes as shown in Table 8. However, SEA has not been 
improved since the mass of designs with grooves and holes 
on their lateral surfaces cannot be reduced. Thus, the impact 
attenuator’s mass must be minimized to increase SEA.

Third Optimization
In the final optimization, a new impact attenuator design 

was tested. As a result of the observations from the previous 
optimizations, it was aimed to increase the deformation of 
the impact attenuator in the collision, hence increase the 
specific energy absorption. As can be seen in Figure 11, it 
was aimed to increase the deformation by reducing the wall 
thickness of the parts outside the grooves on the impact 
attenuator.

As can be seen in the impact attenuator with varying 
wall thickness has resulted in more efficient values   than all 
the other designs made within the scope of this study. Due 
to the increase in the deformation value shown in Table 13, 
there was a decrease in the values   of the impact force. It 
can be seen in Table 12 that the impact forces decreased 
substantially for the design with varying thicknesses. When 
all designs are compared in Table 9, the design with varying 
wall thickness has the highest deformation, CFE, and SEA 
values. Also, the impact forces are significantly lower. With 
this design, global buckling was avoided, and local buck-
ling was achieved as shown in Figure 14. Consequently, the 
design with grooves and varying thicknesses was deter-
mined to be the most efficient and optimized design among 
the other designs considered in this study.

Figure 9. Comparison of impact forces with respect to 
deformation for the impact attenuator design with and 
without groves and holes.

Figure 10. Comparison of absorbed energy with respect 
to deformation for the impact attenuator design with and 
without groves and holes.

Figure 11. Details of the impact attenuator with varying 
wall thickness.

Table 8. Comparison of analysis results based on the 
presence of grooves and holes on impact attenuators.

Crash Parameters 2 mm 2 mm with 
grooves  

2 mm with 
grooves and 
holes

Peak Force [kN] 215.58 128.63 89.78
CFE [-] 0.54 0.66 0.69
Deformation [mm] 62.55 99.36 125.69
Absorbed Energy [J] 7347.49 7350.30 7344.79
Mass [kg] 0.56 0.62 0.56
SEA [J/kg] 13196.16 11958.13 13066.46
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Table 9. Comparison of the analysis results of all impact attenuator designs including varying wall thickness cases.

Crash Parameters 2 mm 2 mm with grooves  2 mm with grooves and 
holes

varying thickness with 
grooves

Peak Force [kN] 215.58 128.63 89.78 75.49
CFE [-] 0.54 0.66 0.69 0.78
Deformation [mm] 62.55 99.36 125.69 151.66
Absorbed Energy [J] 7347.49 7350.30 7344.79 7355.75
Mass [kg] 0.56 0.62 0.56 0.44
SEA [J/kg] 13196.16 11958.13 13066.46 16830.07

Figure 12. Comparison of the impact forces with respect 
to deformation for all impact attenuator designs including 
varying wall thickness cases.

Figure 13. Comparison of the absorbed energy with respect 
to deformation for all impact attenuator designs including 
varying wall thickness cases.

Figure 14. Deformation of the design with varying wall thickness over time.
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5. CONCLUSION

In this study, impact attenuators with different geomet-
rical properties designed in accordance with Formula SAE 
rules were subjected to collision analysis. The analysis was 
carried out by means of varying thickness, cross-sectional 
shape, and optimization of grooves and holes in designs.

From the collision analysis, the following conclusions 
can be made;

•	 Circular cross-section design has higher CFE and 
deformation values compared to square cross-sec-
tional geometries.

•	 Sharp corners in the absorber geometry need to be 
avoided to not to reduce the crash forces and to not 
experience global buckling.

•	 Grooves on lateral surfaces of the impact attenuator 
increase the deformation and the crash force efficiency.

•	 Holes on the design increase both crash force efficiency 
and specific energy absorption due to reduced mass.

•	 By determining the critical crumple zones in the 
design, more efficient absorbers can be designed by 
reducing the wall thickness in particular regions of 
the model.

In conclusion, the design with varying wall thickness 
was found to be the most efficient design in terms of energy 
absorption performance and specific energy absorption. 
64.99 % reduction on maximum impact force was observed 
between the first design and the final design with varying 
thickness. Also, an increase of 58.76 % deformation and 
30.77 % crash force efficiency was observed. As a result, the 
impact attenuator with varying thickness with grooves sat-
isfied the requirements expected from a Formula SAE type 
racing car and therefore it was selected for use in future 
competitions.
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