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ABSTRACT
The main motive of this paper is to find the best suitable material for an impact attenuator of a F1 race car as per the
SAE benchmark. For the better design and better construction of impact attenuators in F1race cars,structural weight
saving is one of the major attentions. To meet this requirement, sandwichconstruction is usually used instead of thickness
of increased materials. This construction consists of two thin facing layers separated by a core material. Few types of
core shapes and core material have been used to the construction of structures. Among them, the most popular structure
is the honeycomb core that consists of very thin foils in the form of hexagonal cells perpendicular to the facings .This
sandwich construction provides very good structural efficiency with high ratio of strength to weight, elimination of
welding, superior insulating qualities and design versatility.Aluminium alloy foils 6082 T6, Balsa wood, Long Fiber
Reinforced Thermoplastic Composite (LFRT)are Potential materials for Sandwich facings. Out of these materials, the
one with the lesser value of peak deceleration is chosen as the final material and that material is used to fabricate the
impactattenuator.
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WORKING OF AN IMPACT ATTENUATOR

The crucial part of thevehicle is impact attenuator and is the most important structure of the F1 racecar
because it acts as a safety barrier between the driver and the collided surface . The design of Impact
Attenuator is done in such a way that it absorbs whole of the vehicles Kinetic Energy and keeps the level of
force very low. If the distortionus uneven then the driver might faceinjury . The energy absorption normally
takes place by extensive crushing ancrumbling of the structure. . A load path for transverse and vertical loadin
the event of off-centred and off-axis impacts are provided by Impact attenuator.Impact attenuator is
assessedfor total energy absorbed as well as specific absorbed energy by Crash worthiness. The distinctive
characteristic of impactattenuator is that the rate of energy dissipation is concentrated over a narrow zone,
while the remindersof the structure experience a rigid body motion. The bulk Head of the chassis are mounted
on the Impact Attenuator [1].

MATERIAL SELECTION
The next step after getting the all theoretical concepts behind it was to decide appropriate material for the
designing of Impact Attenuator.Several factorsconsidered in selecting a suitable material are weight, strength
,cost, availability and manufacturability.On a cursory look upon the attenuators made in the past the
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mostobvious materials were Steel and its alloys, Aluminium and its alloys [2]. On further, detailed study for
the mechanicalproperties of materials we shortlisted two materials for our project,  namely

Galvanised Iron sheet (GI sheet) and Aluminium 2024 sheet as mentioned below :-

1. The Density of GI Sheet is 7850 kg/m^3 & AI Sheet is 2780 kg/m^3.
2. The Ultimate Tensile Strength of GI Sheet is 40 MPa& AI Sheet is 220 MPa.
3. Poissons’ s Ratio of GI Sheet is 0.29 & AI Sheet is 0.33.
4. Both are easily available & easily manufactured.

DESIGN
The materials used for designing of Impact Attenuators should be very light weighted , which may help in
improvement of performance of acceleration and vehicle’s economy. Impact attenuators are generally made
up of aluminium, honeycomb, nomex, carbon composite, kevlar, aluminium foil or a combination of these
materials as they provide maximum protection to the driver. The formation of attenuator is of number of types
like which is tube type and plate type, honeycomb formed, truncated trapezoidal shaped and sandwich
structured.

A two step deign is adopted so that the crushing would occur in steps and the impact gets distributed on to the
second member in a uniform pattern. Furthermore, the design incorporates slots so that the sheets can undergo
fracture or deformation easilywithout any resistance from the material itself. In material science also, it is
observed that cuts and slots on a material increase stressconcentration in the region which is helpful in this
scenario.The aluminium sheets are available in varying thickness but we settled for a thickness of 1mm,
reason being that for thickness <1mm the attenuator was so flexible that it couldn’t provide deceleration to the
impacting body and for thickness >1mm the attenuator acted as a rigid body and provided an extremely large
amount of deceleration [3].

ANALYSIS USING ANSYS
The examination of the impact attenuator is done in two different ways, one using ANSYS software and the
other way is by using compression tests and drop tests. Simulation using ANSYS: The CAD model generated
using PRO-E software is opened for structural analysis in ANSYS software. Analysis requires proper
boundary conditions. Carefully applied margin conditions will only give good results which can be correlated
with investigational results. The front wall portion of the attenuator is rigid wall and the back end of the
attenuator is fixed to the frame of the vehicle. The simulation is carried out as the same procedure followed
for the experimental static test. The specimens are modeled to the dimensions as used in practical tests. The
material properties are applied for each material and meshing is done. The specimen is fixed on its bottom
face. A constant load of 8000N is applied on its test face[4].

TESTING
1. Compression Test
2. Drop Test

Compression Test:
By loading the test specimen in between platestwo in number and by applying a force to the specimen by
poignant the crossheads together conducts Compression test. The compression test is used to determine elastic
limit, proportional limit, yield point, yield strength, and (for some materials) compressive strength. The three
materials to be compared are manufactured in the same dimensions and these models are subjected to a
compression load provided by a Universal Testing Machine(UTM). The specimen is loaded between the fixed
and movable cross- heads. We placed a reference material of a height near the specimen, so that the specimen
can be compressed to that specific height. As the compression height is kept constant for all thespecimens, we
are able to compare and justify our result by observing the compressive load for each specimen.
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Drop Test:
As the major load acting on the vehicle is dynamic, our project will not be complete without testing the
materials with dynamic load. The objective of performing this test is to determine the best energy absorbing
material under dynamic loading condition.The material which produces the minimum peak amplitude at the
time of impact is the best energy absorbing material. Energy absorbing materials are those which can
withstand the impact load acting on one face of the material without transferring it to the opposite face of it.
For example, a good front impact attenuator of a race vehicle must withstand the force acting on its front face
without transferring it to the driver who is on the inner side of it [5].

CONCLUSION
On successfully completing all the phases and obtaining the desired results as mentioned it can be concluded
that the goal set at the beginning is attained and proved by the reports of analysis conducted.Further, it can be
concluded that this Impact Attenuator if used in the reference vehicle will provide necessary safety to the
passenger and the vehicle in case of any frontal collision.
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