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Abstract— The automotive industry is investing more time
and money to develop better vehicle safety systems. They
aim to improve passenger safety in the car. Newer devices
are being employed to decrease the effect transferred to the
passenger in case of a collision. Our project is going to
discuss about one such device. We will identify different
materials and designs to achieve this while keeping the cost
to a minimum. The main aspect of the research has been to
find the optimal evolution of kinetic energy during a front
impact. We will present an idea of the device for a light
motor vehicle. Such that it can be fixed in front of the car to
decrease the effect passed on to the chassis hence increase
occupant safety in case of a collision.

Keywords: Passenger Vehicles, Cars

. INTRODUCTION

The basic idea behind making the cars safer for the
occupants is to increase the crumple zone in the car also
called the crush zone. This zone has the property that it
crumples or deforms-in-case of a collision and less amount
of energy is transferred to the passenger cabin. Different
types of designs are used to achieve this which can include
frame segments built to bend in certain areas or collapse
onto themselves. Its application is not so simple, the
engineers have to keep various factors in minds such as
vehicle size and weight, frame stiffness and the stresses the
car is likely to be subjected to in a crash. Our model can be
fixed on the front crash bar inside the hollow space of the
bumper. It will undergo deformation hence absorbing a
considerable amount of energy in a crash.

This technology is used in formula student cars
with the same objective but its application is not found on a
large scale in the automotive industry. We would like to
advocate this idea so that it can be used to make passenger
cars safer.

Our aim here is to have maximum possible
compressive strength but to minimise the amount of material
used hence limiting the amount of cost. For this, we will use
honeycomb structures. These are arrays of hollow cells
formed between thin vertical walls. The cells are columnar
and hexagonal giving it good out of plane compressive
strength. These honeycomb structures are layered between
two thin plates. This assembly is called a sandwich panel.

Il. MATERIAL SELECTION

Various considerations are to be kept in mind while
selecting a material for the manufacturing of the product.
They are as follows-

A. Structural Consideration

—  Strength
—  Stiffness
— Adhesive performance

B. Environmental Consideration

—  Temperature
—  Flammability
— Heat Transfer

C. Economic considerations

Material to be selected for this application should have
enough strength so that it doesn’t fail immediately under
impact loading. At the same time, it should have moderate
yield strength so that it undergoes plastic deformation
increasing the crumple zone in front of the car.

Composite honeycomb has high stiffness for very
low weight because of the relatively low shear modulus of
the core material. This will help us delay the plastic failure
of the structure, increasing the overall load-carrying
capacity.

Adhesive performance is also an important factor
that needs to be considered, core and face materials are
joined together with the help of the adhesives. Making sure
that the use of adhesive does not tamper the mechanical
properties of the core. At the same time, the adhesive should
be strong enough to hold the core and face plate in place
during impact.

As in any materials system, the thermal
environment will play an important role in the selection of
materials. The product will have to face temperatures from -
40°C up to 100°C; the adhesives should be able to work
properly in this temperature range. The transfer of heat
through a sandwich panel is dependent upon the basic
principles of convection, conduction and radiation. Metallic
cores with metallic facings maximise heat flow
characteristics.

After examining the above stated factors there are 4
materials we can consider for this application. These
materials are following-

1) Steel

2) Aluminium Alloy

3) Carbon Fibre Reinforcement Polymer (CFRP)
4) Metal Foam

Material | ~epp | sTEEL | ALUMINIUM | Metdl
Properties Foam
Density 0.1-
(glem?d) 1.55 7.7 2.7 02
Compressive
Strength(MPa) 570 160 280 44
Poisson’s | 555 | 030 0.33 0.25
ratio
Shear modulus
(GPa) 5 78 26 0.7
Cost
(Rs. per Kg) 9600 130 190 1200

After comparing CFRP, Steel, Aluminium, metal
foam we found that CFRP is most suitable for this project
but due to the high cost and difficulty to manufacture we
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cannot use CFRP. Alternatively, the next best option is
aluminium alloy, which is less costly. It has good strength,
easily available in the market and it is easy to manufacture.
Moreover, its lower density than steel ensures that it will not
add up significantly to the weight of the car.

Aluminium 3003, the most widely used of all
aluminium alloys. Commercially pure aluminium with
added manganese to increase its strength. It has excellent
corrosion resistance, and workability. This grade can be
deep drawn or spun, welded or brazed. A major deciding
factor of Al 3003 is that it doesn’t get affected by heat
treatment; this gives the manufacturer liberty to heat treat
the product and provides enough time for the epoxy to settle.

I11. SANDWICH PANEL

A sandwich panel consists of two stiff, strong skins
separated by a light weight core. The core material can be
made up of different types of materials and structures. The
main aim here being, keeping the weight of the final product
to a minimum. The outermost skins endure the maximum
load which is then distributed into the low density core.

The simplest case of loading of the sandwich panel
that we can consider here is of point loading in 3-pt bend.
The geometrical constraints for the panel are as follows, the
span of the beam is I, the width, b, the core thickness ¢, and
the face thickness, t. The beam thickness is d where d =
c+2t; we shall assume that t<<c and to a first approximation

c~d. We shall denote the elastic modulus and density of the
*

+
core as ¢ and Eec where the * indicates a property of the
hexagonal honeycomb core rather than the material it is
made from. The core density and modulus are a function of
the density of the material the core it is made from. To a
first approximation these properties are given by
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Where Es and ©= are properties of the material.
C1(~1) and C2 (~0.4) are constants dependent on the type

of loading.
The stiffness of the beam in bending is calculated
from the equivalent flexural rigidity, (El)eq, and

the equivalent shear rigidity, (AG)eq. Using the parallel axis
theorem
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The first and second terms describe the stiffness of
the two face sheets and the core while the third term adds
the stiffness of the faces about the centre of the beam. In a
good beam design, the third term is substantially larger than
the first two so if d~c then
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When subject to a load, P, the deflection is the sum of the
bending and shear components

PP P
By |EI _]eq EglA G_]eq
Where B1 and B2 are constants dependent on the
geometry of the plate and the type of loading. The

compliance of the beam is

98P Pi
B\Esbtc®  BgbeG,
The above equation establishes a relation between

the loading conditions, type of loading and the dimensional
constraints to the total deflection of the sandwich panel.

8=d,+ 8 =

IV. HEXAGONAL HONEYCOMB CORE

In this project we will focus on the regular hexagon
honeycomb core while we can use non uniform hexagon
core as well but non-uniform hexagon study is out of scope
for the course.

There are other unit cells structures that can be
used such as triangular unit cell or rectangular unit cells. But
Hexagon unit cell is more rigid and stiff as compare to the
triangular and rectangular units.

Hexagonal structures fulfil the requirement as they
can absorb a larger amount of energy before failure thereby
reducing the effect of impact on the car chassis and the
passengers.

The hexagonal aluminium honeycomb core used
here shows anisotropic properties, the properties of the
material depend on the direction of loading.

By loadingin the xs direction each of the unit calls
undergoes plastic collapse, plastic hinges start to form and it
starts to fold up as shown in the image. This keeps on going
until a solid block is formed.
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After the formation of solid block due to the
folding up of the cells, the sandwich panel will start
transferring any further load directly to the chassis member.
And no further absorption of energy by the sandwich panel
will take place.

V. ENERGY TRANSFER

At the time of collision the kinetic energy of the car will be
converted into other forms to bring it to a haul. Majority of
this kinetic energy will be taken up by the crash protection
device and it will be converted into strain energy to deform
it. The aluminium honeycomb walls will crumble and the
sandwich panel will deform, increasing the crumple zone in
front of the car.

V1. DESIGN PROCEDURE

The product can be incorporated inside the hollow space of
the front bumper. It can be mounted in front of the radiator
on the anti-crash bar. Making sure that during a head on
collision it takes the maximum load on itself before
transferring it to the chassis members.

We need to determine the maximum load that the
sandwich panel needs to withstand. For this we need to
decide on the maximum speed that we will design it for.
Taking the maximum speed of impact to be 27kmph
Energy transfer at the time of impact
Kinetic Energy =Ex = 1/2 mv?

=%*1200*75*75
= 33,750 J.

The size of the product also plays an important role
here; we don’t have large area to incorporate it so we need
to optimise the available area. The maximum available
length in front of the car is about 800mmand a height of just
200mm. The depth possible for the product is 170mm but
this depth can’t be fully utilised by the sandwich panel as
some of the thickness will be taken up by the end plates.
Also during the collision some of the core will start to
crumble and it will solidify. Taking these things into

account we assume that we can have a maximum usable
depth of 155mm.

Therefore the force exerted on to it will be equal to
=3, 97,058.823N

With the above calculation we have got the value
of maximum force our product needs to withstand. We will
now use the equations that govern the loading conditions in
a honeycomb sandwich panel.

PR Pl

é = +
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In the above equation:

6 = Total deflection of the panel (0.155m)

P = Maximum Load (397kN)

| = Length of the impact face (0.8m)

Er = Elastic modulus of material (68.9 Gpa)

b = Breadth of impact face (0.2m)

t = Thickness of top and bottom plates (1mm)

¢ = Core thickness (0.162m)

Gc = Core shear modulus - in direction of applied load

t= hexagon unit cell sheet thickness (80 micron)

ps= Density of aluminium (solid property)

pc= Density of core

L=Edge Length of hexagon unit cell

Ge= CZEf(pc/Ps)

po/ps=(2/V3) (t/L)

B1, By, C, = Constants based on the type of loading
2%397%0.8%x103 + 397%0.8%103

384468.9¥109%0.2+10~39-162%  8x(G%0.2%0.162

G.. 8057.371*103

Edge length of hexagon unit cell (L) = 0.0058m

0.155 =

VII. CONCLUSION

With this paper we conclude that aluminium honeycomb
sandwich panel can be used as a crash protection structure in
passenger vehicles. We can have it with different
dimensions and incorporate it for higher speeds
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