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Abstract

Lightweight materials and structures are essential building blocks for a future with sus-
tainable transportation and automotive industries. Incorporating lightweight materials
and structures in today’s vehicles, reduces weight and energy consumption while main-
taining, or even improving, necessary mechanical properties and behaviors. The envi-
ronmental footprint can, thereby be reduced through the incorporation of lightweight
structures and materials.

Awareness of the negative effects caused by pollution from emissions is ever increasing.
Legislation, forced by authorities, drives industries to find better solutions with regard
to the environmental impact. For the automotive industry, this implies more effective
vehicles with respect to energy consumption. This can be achieved by introducing new,
and improve current, methods of turning power into motion. An additional approach
is reducing weight of the body in white (BIW) while maintaining crashworthiness to
assure passenger safety. In addition to the structural integrity of the BIW, passenger
safety is further increased through active safety systems integrated into the modern
vehicle. Besides these safety systems, customers are also able to chose from a long list of
gadgets to be fitted to the vehicle. As a result, the curb weight of vehicles are increasing,
partly due to customer demands. In order to mitigate the increasing weights the BIW
must be optimized with respect to weight, while maintaining its structural integrity and
crashworthiness. To achieve this, new and innovative materials, geometries and structures
are required, where the right material is used in the right place, resulting in a lightweight
structure which can replace current configurations.

A variety of approaches is available for achieving lightweight, one of them being the
press-hardening method, in which a heated blank is formed and quenched in the same
process step. The result of the process is a component with greatly enhanced properties
as compared to those of mild steel. Due to the properties of press hardened components
they can be used to reduce the weight of the body-in-white. The process also allows
for manufacturing of components with tailored properties, allowing optimum material
properties in the right place.

The present work aims to investigate, develop and in the end bring forth two types
of light weight sandwiches; one intended for crash applications (Type I) and another for
stiffness applications (Type II). Furthermore, numerical modeling strategies will be es-
tablished to predict the final properties. The requirements of reasonable computational
time to overcome the complex geometries will be met by so-called homogenization. Type
I, based on press hardened boron steel, consists of a perforated core in between two face
plates. To evaluate Type I’s ability to absorb energy for crash applications a hat profile
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Figure 4: Effective stress (von Mises) vs effective plastic strain for hardened boron steel
22MnB5.

Punch

Hat profile Type A

Support

Figure 5: Hat profile of Type A with a perforated core with 3 millimeter holes. The
bottom left flange is fully fixed to represent the experimental setup.

share nodes. This is motivated by the fact that grains form over the boundaries due to
the hot rolling process utilized for joining the core and face plates, see Figure 3.

The punch and support are assumed to be much stiffer than the hat profile. Thus,
it is suitable to approximate the punch and support as rigid bodies in the numerical
model. The mechanical properties of the hat profile are represented by a piece-wise
linear plasticity model, with the quasti-static stress-strain response according to Figure
4.It should me noted that strain rate effects are not taken into account. Density, Young’s
modulus and Poisson’s ratio are 7850 kg/m3, 206 GPa and 0.3 respectively.
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Figure 6: Core of the Type A hat profile with 3 millimeter holes.

4 Results and Discussion

In the current section the results from the experiments and the numerical models are
presented and discussed.

4.1 Numerical model

Three different numerical models are created: Type A, Type B and Type C. Type B and
C are reference models used to compare to the response from Type A. Three versions
of perforated cores are created, with holes diameters set to 1, 2 and 3 mm respectively.
For the Type A sandwich with hole diameter of 3 mm, three states of deformation are
presented in Figure 7, with the von Mises stress presented.

The force-displacement response from the three versions of Type A is presented in
Figure 8. No real effect, caused by the difference in hole size, is found. The difference in
weight is insignificant: a diameter of 1 mm results in a weight 211 g, whereas the cores
with hole diameter of 2 and 3 mm both give a weight of 215 g. This is a total difference of
less than 2 %. Thus, the choice of hole diameter should come down to which application
is considered. If the plates are to be joined with some rolling procedure, smaller holes
may be beneficial in order to reduce intrusion of the skins into the holes of the perforated
core.

In Figure 9, the response from Type A is compared to the reference models Type B
and Type C. It is seen that the three types of cores produce similar response curves,
with the only difference being the magnitude of the force and thereby the area under
the curve. Type A absorbs approximately 20 % more than Type B, and 50 % more
than Type C. This indicates that the Type A sandwich has an increased specific energy
absorption capability as compared to a solid sheet of equivalent weight. Additionally,
by comparing the Type A sandwich, to the Type C perforated plate it is clear that it is
the sandwich properties which contributes to the enhanced properties and not only the
increased thickness.
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(a) Start at T=0 ms

(b) Middle at T=86 ms

(c) End of simulation

Figure 7: Type A hat profile during deformation, with the fringe plot of the von Mises
stress.
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Figure 8: A comparison between the Type A hat profile when the hole size of the perfo-
rated core is varied. The response remain quite similar.

Figure 9: Type A with a perforated core with 3 millimeters holes is compared to Type
B and Type C. Type B refers to a hat profile of equivalent weight to Type A. Type C
refers to a hat profile based on a perforated plate with 3 millimeter holes and equivalent
thickness of Type A.
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5 Conclusions

Legislation is forcing the vehicle industry to reduce its greenhouse gas emissions. A
way to partly achieve this, is reducing weight of vehicle components. The present work
suggests a lightweight hardened boron steel sandwich concept, with a perforated core.
The perforated core contains a hole distribution which should be adapted for a given
application.

In the present study a hat profile was selected in order to investigate the potential
of the sandwich concept. Thus no holes were placed over the radius. A total of three
different hole sizes were investigated, which proved to generate similar response.

To quantify the performance of the sandwich (Type A), a comparison was made to
a solid hat profile of equivalent weight (Type B). It was found that Type A possessed
superior energy absorption capacity compared to Type B. Additionally, to confirm that
it was the sandwich structure which contributed to the enhanced response, and not just
the difference in thickness between Type A and Type B, an additional hat profile was
tested (Type C), solely consisting of a perforated core with the equivalent thickness to
Type A. Again, the superior properties of Type A were evident.

Thus, it seems like the Type A sandwich is a promising, lightweight concept for energy
absorption applications.
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