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In this study, various sandwich structures were designed for application in car hoods to reduce the pedestrian
head injuries. In the sandwich panels, the face sheets were made of thin aluminum and steel plates, and the core
materials were chosen to be of polymer foams. Polymer foams have high energy absorbing performance under
impact loading. They can be unflammable and resistive to high-temperatures, depending on the base polymer.
The main goal of the presented study is to develop a sandwich structure for car hood to reduce fatality in the
pedestrian-car accidents by decreasing the value of head injury criterion. Sandwich panel face sheet, polymer foam
core thickness, and two different face sheet material were studied as research parameters using the finite element
analysis. The pedestrian headform was modeled according to EEVC/WG17 regulations and used in the finite
element simulations. The lightest hood and the minimum head injury criterion value have been achieved using the

thinner steel front face and the thicker foam core.
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1. Introduction

The pedestrian-vehicle traffic accidents are one of the
largest health problems in the World. The car manu-
facturers are paying attention to this subject and try-
ing to reduce the fatal results by developing active or
passive safety solutions. One of the passive safety sys-
tems is based on using energy absorbing materials in the
most car body elements which can contact with pedes-
trians. These components absorb more energy during
the pedestrian-vehicle impacts and cause less injury to
the pedestrian bodies. In the collision one of the most
critical parts of the pedestrian body is the head [1].

The main function of the car hood is to cover the engine
compartment. It also helps to manage the impact energy
during a vehicle-pedestrian crash. European Enhanced
Vehicle Safety Committee (EEVC) working group 17 has
developed pedestrian safety verification tests. Impact of
an adult headform in the specified hood areas with a 65°
angle at 40 km/h velocity is one of the protection rat-
ing tests [2]. The level of injuries in a vehicle-pedestrian
crash depends on various factors, such as energy absorp-
tion capability of the car body, hood shape, bumper ge-
ometry, deformation limits of the used materials, areas
of contact with the pedestrian, position, size, and age of
the pedestrian [3, 4].

Overall, vehicle components have induced more than
85% of pedestrian injuries, highlighting the importance
of designing pedestrian-friendly vehicles [4].

In the presented study two polymer foam core
lightweight sandwich panels were investigated, regard-
ing pedestrian protection and vehicle mass reduction,
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using FE simulations. All FE simulations were per-
formed in Abaqus® 6.14 software. The HIC, hood
deflections and hood masses calculated using the FE
method were compared with corresponding parameters
of original steel hood.

2. Materials and methods

2.1. Problem definition and FE modeling

An original steel car hood is made of steel and con-
sists of two parts, the outer car hood (Fig. la) and the
inner car hood (Fig. 1b), joined by edge hemming. In
the FE model, this joining is described by tie contacts.
This assembly model was used in analysis as the reference
simulation to compare the developed sandwich panels.

Two types of the polymer foam core sandwich panels
were analyzed. Both have the same foam core. Face
sheet was selected to be of aluminum and steel with dif-
ferent thicknesses. The adult headform was used as the
impactor. The FE model of the original hood assembly is
shown in Fig. 1c with the adult headform model. Fixed
boundary conditions on all sides were applied in the car
hood models (Fig. 1d). In the original car hood FE
mesh model, 160653 nodes and 159519 elements (C3D8R,
R3D3, R3D4, S3R, S4R) were used.

The sandwiched car hoods were modeled by two
similar layers of face sheet and polymer foam core
(Fig. 2a). The face sheet geometry was obtained from
the original car hood outer surface. Thicknesses of
both the aluminum and the steel face sheets was set
to 0.3 mm. The foam core surface geometry was the
same as that of the face sheets. Three different foam
core thicknesses of 5 mm, 15 mm, and 25 mm were
studied. In case 2 and case 3 the same FE mod-
els were used by changing face sheet materials. Fig-
ure 2b shows the meshed car hood sandwich structure.
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Fig: 1.
model, (¢) FE model, (d) boundary conditions

Fig. 2.

(a) Sandwich car hood CAD model, (b) FE
model of the sandwich car hood with adult headform.

In the sandwiched hoods, the total number of 378276
nodes and 316406 elements were generated with various
element types.

Original steel car hood model (case 1). (a) The outer car hood CAD model, (b) the inner car hood CAD

In foam cores the number of nodes and elements
changed depending on the thickness. In 5 mm foam
there were 122048 nodes and 61277 elements (C3D8R
and C3D6), in 15 mm foam there were 244096 nodes and
183831 elements, and in 25 mm foam there were 366144
nodes and 306385 elements. The meshes were optimized
according to mesh size. All meshes in the FE models
were verified by shape metrics and size metrics.

An adult head form was modeled for the simulations.
Figure 3a shows the assembly model of the adult head
form. Figure 3b shows the mass center of the assem-
bled system for the acceleration measurements. Figu-
re 3c shows rigid beam elements to transmit surface im-
pact loads to acceleration measurement center. Figure 3d
shows in addition the FE meshed adult headform geome-
try. This adult head model was used for pedestrian safety
testing of the proposed sandwich car hood panels.

The employed adult headform impactor had a total
weight of 4.8 kg. It was composed of an aluminum
sphere core and a thick (13.9 &+ 0.5 mm) vinyl skin
cover. The vinyl skin cover was modeled as a viscoelas-
tic material and aluminum core was modeled using a
rigid material model. Adult headform was impacting
the hood top surface with the speed of 11.1 m/s accord-
ing to EEVC regulations under an angle of 65 degrees
from the ground plane.

The thick vinyl skin FE-model was generated using
solid elements (type: C3D8R) connected to the alu-
minum core using a kinematic coupling element be-
tween the base of the skin and the reference node
of the rigid body [5].
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Fig. 3. Adult head impactor FE simulation model. (a)
CAD model, (b) reference point, (c) kinematic coupling
between the skin and the reference node, (d) FE mesh.

2.2. Materials and model of materials

The following materials were used in FEA analyses in
the three investigated cases. The alloy quality low car-
bon steel and Al-2024-T3 type aluminum sheets were
used for the hood structure. The material properties
used in the simulations are presented in Table I. Sand-
wich hoods were constructed by using these face sheets
and the polyurethane foam core. The polyurethane foam
material parameters are given in Table II.

TABLE I

Properties of materials used for sandwich panel face
sheets and for original car hoods.

. Young . Tensile |Elongation
. Density Poisson
Material 3,|modulus . |strength| at break
[kg/m?| ratio

[MPa) [MPa] [%]

low carbon steel| 7800 | 200000 | 0.30 360 35

AL-2024-T3[6] 2700 70000 0.33 483 18
TABLE II

Polyurethane foam Ogden-Hill parameters [7].

N u [MPa) @ Jé]
1 12740.4 7.2810 0
2 2.7459 —5.7311 0

The sandwich foam core material is described in the
Abaqus FEA software using OGDEN-HILL hyperfoam
approach, as shown in Eq. (1). In this material model
the hyperfoam is represented by a strain energy function.
To completely characterize the strain energy function,
it is the best to obtain data from several experiments

involving different kinds of deformation over the range of
strains of interest in an actual application and to use all
of these data to determine the parameters [8]. Ogden-Hill
hyperelastic foam model was used in the simulations.
U= (1)
N
205 | ¢ Rai 1 Ao 1 el\ —@iBi
Za; [A11+A2 + A _3+3<(J1) —1)],

=1

where p;, a; and ; are the Ogden-Hill hyperfoam ma-
terial constants which have to be determined from ex-
perimental stress-strain data by curve fitting. The §; is
related to the Poisson ratio of the hyperelastic foam and
determines the compressibility of the material. When
Bi = 0, the Poisson ratio is zero and there is no Poisson
effect. N is the curve fitting order [9].

2.3. Head injury criterion

Head injury criterion (HIC) is a biomechanical crite-
rion, measured to assess the level of pedestrian protec-

tion. It is calculated from the head acceleration with
t2 - tl S 15 ms.
t 2.5
HIC = max ; /adt (ta —t1). (2)
2 —t1
t1

In this equation, a is acceleration and t is time. The
t1 and t; time points are selected to maximize the HIC
value. Biomedical limit of less than 1000 for EuroNCAP
should not be exceeded during the headform tests [10].
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Fig. 4. Adult head — car hood FE simulations of
acceleration-time curves. (a) Case 1 and case 2,
(b) case 1 and case 3.
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3. Results and discussion

The FE simulation results are shown in Fig. 4a and b
by comparing with the original car hood results (case 1).
These curves were obtained using the acceleration-time
data of the the adult headform reference point dur-
ing impact of the adult headform with the car hood.
The HIC values were calculated using these accelera-
tion time curves. The curve of reference car hood shows
the highest peak acceleration. All calculated results
are given in Table III.

TABLE III

Comparison of all cases according to results of finite el-
ement analysis (m — mass, d — deflection). Case 1 —
Original steel car hood, Case 2 — 0.3 mm aluminum face
sheets sandwich hoods, Case 3 — 0.3 mm steel face sheets
sandwich hoods.

Case 1 Case 2 Case 3
foam |without|5 mm |15 mm |25 mm |5 mm |15 mm |25 mm
HIC 454 378 368 345 367 333 291
m |kg] | 14.29 | 2.73 | 3.27 3.81 | 7.15 | 7.69 8.23
d [mm]| 113.1 |156.7| 149.6 | 144.8 | 132.6 | 128.2 | 122.9
500 454
450
400 378 368 45 367
350 333
291
o) 300
= 250
= 200
150
100
50
0
Case 1 Case2 Case3

B 5 mm Foam ™15 mm Foam 25 mm Foam ®NoFoam

Fig. 5. Results of HIC FE simulations of adult head —
car hood impact.

Both the steel and the aluminum face sheet sandwich
panels for each foam core thicknesses show better perfor-
mance than the original steel car hood. All sandwich pan-
els are much lighter than the reference car hood. How-
ever, the deflections of the panels are higher than that of
the original panel. The HIC performance of all models is
presented in Fig .5. The HIC values of the steel face sheet
sandwich panels were lower than those of the aluminum
face sheets sandwich panels. Although the strength of
the selected steel face sheets was smaller than that of the
aluminum face sheets, the elastic modulus of steel is much
higher than the that of aluminum. Therefore, the steel
face sheets were better dissipating the local headform im-
pact energy over the foam surface and depth. As a result
of this behavior, aluminum face sheet sandwich hoods
show larger deflection than the steel sandwich panels.

4. Conclusions

In the presented study three types of car hoods were
analyzed using FEM. In the analysis, an adult head form
was impacted with the investigated car hood surfaces. In
case 1 an original steel car hood, in case 2 an aluminum
face sheets-PU foam core sandwich car hood and in case 3
a steel face sheets-PU foam core sandwich car hood were
analyzed. Sandwich panel face sheets and core thick-
nesses were changed and the calculated HIC, mass, and
deflection were compared with the results of the original
car hood. The lowest HIC values were achieved in case 2
and case 3. Both cases show better results than the ori-
ginal steel car hood, regarding the pedestrian protection.
The bending rigidity of the sandwich panels affected the
energy absorption performance of the sandwich panels.
Using sandwich panels, the weight of the car hood can
be reduced by a significant amount. That means the
sandwich car hood can be used for lightweight vehicle
design. Moreover, for all cases, the displacement of the
car hoods was also checked for any contact with engine
compartment parts.
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