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Abaqus/Explicit Simulation of the Low Velocity Impact of an
Aluminum Honeycomb Sandwich Panel

Summary

Honeycomb core sandwich plates and shells possess sig-
nificant advantages over monocoque construction and are
widely used in the aerospace, naval, railwau, and building
industries. The complexity of a honeycomb cell structure
presents modelling challenges. A plug-in extension for
Abaqus/CAE permits one to create honeycomb structure
geometry quickly and accurately. The geometry can be
meshed with conventional shell elements and used di-
rectly, or it can be utilized to determine the mechanical
properties of a specific honeycomb structure through vir-
tual testing, replacing laborious and expensive physical
testing. The properties obtained can be subsequently
used to discretize the sandwich core with continuum sol-
id elements.

In this Technology Brief, we describe an approach for
modelling impact on honeycomb sandwich structures
using the new plug-in and Abaqus/Explicit. Very good
agreement between the numerical results and experi-
mental data is demonstrated.

Background

The significant advantages of sandwich construction over
monocoque construction are widely exploited in the aero-
space, naval, railway, and building industries [1]. Twin-
skinned sandwich plates and shells with a honeycomb
core are especially attractive for aerospace applications:
for the price of small additional weight compared to mon-
ocoque construction, very high specific strength and stiff-
ness are obtained. Moreover, the topology and materials
of a sandwich structure, including the core geometry, can
be optimized for a given application such as an aircraft
fuselage, engine cowling, or impact protection shield.

A successful numerical simulation of honeycomb sand-
wich structures depends heavily on the proper modelling
of the core. One approach is the use of continuum solid
elements to represent the core material. This, however,
requires phuysical or virtual [2] testing to determine the
mechanical properties for a specific core type. Another
approach is to explicitly model the cellular structure of
the core using conventional shell elements. To create
complicated honeycomb geometry quickly and accurate-
ly, a dedicated Abaqus/CAE plug-in has been developed.
The cellular geometry can be subjected to virtual testing
(such as compression, tension, and shear tests) in order to
determine the mechanical properties of a given core type.
The properties obtained can be subsequently used to dis-
cretize the sandwich core with continuum solid elements.
Alternatively, the honeycomb geometry can be meshed
and used directly in the analysis.

The present Abaqus/Explicit simulation examines the low
velocity impact response of a sandwich specimen with
aluminum face sheets and an aluminum honeycomb core.
The geometry and material properties of the specimen
were taken from [3] and [4]. The in-plane dimensions of
the specimen are 150 by 100 mm. The face sheets are
made of 2024-T8 aluminum alloy. The thickness of the
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Figure 1: Abaqus/CAE model

Key Abaqus Features and Benefits

e Abaqus/CAE plug-in to automatically build hon-
eycomb structure models

e Abaqus/Explicit for robust solution of complex,
highly nonlinear models including contact, col-
lapse, buckling, and plasticity

top and bottom face sheets is 0.508 mm and 0.813 mm,
respectively. The hexagonal aluminum honeycomb core is
made of untreated 5056 aluminum alloy. The thickness
of the core is 25.4 mm, its cell size is 4.7625 mm
(3/16"), and the foil gauge is 0.0508 mm (0.002"). The
aluminum alloys used in the face sheets and core are as-
sumed to behave as nonlinear, isotropic, elasto-plastic
materials with the properties given in Table 1. A 25 mm
dii:arneter hemispherical impactor is used with an energy
of 15 .

Finite Element Analysis

The model was built in Abaqus/CAE (Fig. 1) using the
honeycomb geometry plug-in. The core geometry (Fig. 2)
was meshed and used directly. Tie constraints were used
to attach the face sheets to the core.

The sandwich specimen was meshed using S4R ele-
ments. According to [3] the actual contact diameter be-
tween the impactor and the top face sheet was 3 mm.
Therefore, to accurately model the deformations at the
impact region, the 3 by 3 mm area at the center of the
top face sheet was discretized using a small element size
of 0.5 mm. Beyond this area, the element size was grad-
ually increased up to a value of 5 mm. Similarly, the area
of roughly 30 by 30 mm in the center of the honeycomb
core was meshed using an element size of approximately



Figure 2: Honeycomb geometry

0.5 mm, and the rest of the core was discretized with
rectangular elements with a size of approximately 1.4 by
0.5 mm. In total, 242,964 conventional shell elements
were used to model the core. Such a fine mesh was nec-
essary to properly capture the crushing response of the
honeycomb.

The impactor was discretized with C3D8R elements. The
mesh was gradually refined toward the impact ares,
where the element size was approximately 0.25 mm, so
that several impactor nodes fell within the perimeter of
each element located in the center of the top face sheet.
This was done to accurately simulate the pressure stress-
es in the impact region. The resulting finite element mod-
el had approximately 1.5 million degrees of freedom.

Constitutive model

The constitutive response of the aluminium alloys was
described with an isotropic elasto-plastic material model
(Table 1). The values of the plastic stress, c,, and the
plastic strain, €, were calculated from the following ex-
pression [5] based on the data in Table 1:

O'p,=0'y+%€, M
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heers | €O
Young’s modulus, E, [GPa] 72.4 69.6
Tangent modulus, Er [GP3] 50.7 2.5
Yield stress, o, [MP3] 393 65.5
Poisson’s ratio, v 0.33 0.33
Density, p [kg/m?] 2768 2685

Table 1: Material properties of the sandwich constituents [3]

2

Namely, the stress at zero plastic strain equals c,. The
values of the plastic strain defining isotropic hardening
for the face sheets and the core were calculated from
Equation (1) by prescribing the corresponding values of
the ultimate tensile strength for the face sheets and the
core. These values were taken as 478 MPa [6] and 82.4
MPa, respectively.

Boundary conditions

The sandwich specimen was positioned on a rigid base
plate. Friction between the bottom face sheet and the
base plate was neglected because it did not influence the
response. Dry sliding friction was assumed between the
impactor and the top face sheet, with a friction coeffi-
cient equal to 0.45, corresponding to the friction between
steel and aluminum.

Initial conditions

Reference [3] provided the value of the impact energy but
did not specify the impactor velocity, drop height, or
mass. Instead, the maximum and minimum values of the
impactor mass (between 0.5 kg and 2.5 kg) and the maxi-
mum drop height (4 m) that were allowed by the testing
equipment were noted. Because the impactor mass and
its velocity at the moment of impact can be immediately
determined given the drop height and the impact energy
(15 )), several impact analyses corresponding to different
drop height choices, starting with the maximum value of
4 m, were performed to match the predicted impulse
with the measured one. The results reported here are giv-
en for an impactor mass of 805 g and an impact velocity
of 6 m/s.

Results

Close agreement between the experimental [3] and simu-
lated force-time histories is obtained, as shown in Figure
3. The difference between the measured and calculated
peak impact forces is 1.4%. It can be seen from this figure
that both curves exhibit repeated reductions and increas-
es in their slopes that reflect the crushing process in the
honeycomb core. It is important to note that the simula-
tion closely follows not only the ascending part of the
experimental force-time history but also its fairly steep
unloading portion. The nature of the crushing process of
the honeycomb structure is revealed in Figure 4. Figures
3 and 4 suggest that proper mesh refinement, especially
in the core, is vital for accurate simulation.

Conclusions

An Abaqus/Explicit simulation of the low-velocity impact
of a honeycomb sandwich specimen was conducted. A
new Abaqus/CAE plug-in for the automatic definition of
honeycomb cellular structures was used to create the
honeycomb geometry that was directly meshed and used
in the analysis. The analysis results showed excellent
agreement with experimental data.

The new plug-in provides a means for efficient and accu-
rate modeling of honeycomb sandwich structures. The
modeling approach described here is suitable for the anal-
ysis of relatively small sandwich structural parts. If large
sandwich structures should be modeled, the plug-in can
be used to determine the mechanical properties of a spe-
cific honeycomb structure by virtual testing rather than
conducting expensive and time-consuming physical ex-
periments. The honeycomb mechanical properties ob-
tained from such virtual testing can be then used to mod-
el the sandwich core with continuum solid elements.
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Figure 3: Experimental and predicted force-time histories
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Figure 4: Deformed shape of the sandwich specimen at the maximum displacement of 6.4 mm
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