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Testingand numerical simulation of the antiknock energy absorption of
polyurethane foam aluminum composite structure

ZHANG Yong
(School of Architecture Construction, Jiangsu Vocational Institute of Architecture Technology, Xuzhou 221116, Jiangsu)

Abstract: Based on the contact explosion experiments, the absorption performance of the polyurethane foam aluminum and
concrete composite structure was analyzed, and the relevant numerical simulation was analyzed and compared. First,
polyurethane foam aluminum composite material was made through the pressurized equipment homemade. The hole of the
aluminum foam was filled with polyurethane foam through pressure. Then the polyurethane foam aluminum composite
material plates and concrete plates were fixed on the explosion experiment apparatus with high sensitivity of strain sensors,
acceleration sensors and displacement sensors under the structure or surface. The experiments measured 5 groups of contact
explosion experiment data under different structure combinations. Based on the change variables to the experiments, the
calculation of numerical simulation experiments were supplemented to make up for other explosion experiments not involved
due to lack of experiment conditions. The smooth particle hydrodynamic method (SPH) was used in the numerical simulation
to avoid using Lagrange algorithm in explosion shock damage under the large deformation problem of mesh distortion
problem. This method can more accurately reflect the explosion impact damage effect. Three kinds of calculation models were
used to the numerical simulation. The main research was that the whole antiknock and absorption performance was changed
with energy absorption layer thickness change and the number of the structure layer change of the composite structure. Results
through explosion experiments and numerical analysis show that absorption performance of polyurethane foam aluminum is
superior to that of aluminum foam, energy absorption layer thickness has a great influence on energy absorption effect, and the
absorption performance of multilayer structure of polyurethane foam aluminum has no obvious improvement contrasting with
the absorption performance of single layer structure with the same thickness. The multilayer structure of polyurethane foam

aluminum also increases the difficulty of construction. Under certain conditions, with the reasonable energy absorption layer
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thickness of the protective structure there is one best combination to ensure that the compound layer thickness of excellent
antiknock performance. Finally draw the conclusions: the explosion shock wave energy absorption performance can be
improved about 25% by polyurethane foam aluminum than by aluminum foam. The thickness of the polyurethane foam
aluminum significantly affects on the energy absorption antiknock performance. The energy absorption performance can
improve 50% with increasing the 100% thickness of polyurethane foam aluminum. Effect of changing the antiknock structural
energy absorption layers combination is not obvious.

Keywords: polyurethane foam aluminum; sandwich structure; antiknock test; energy absorption performance; smooth particle

hydrodynamics
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Table 1 Performance of aluminum foam plank parameter
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Fig. 5 Differences in the damage between the polyurethane foam aluminum sandwich (left) and aluminum foam sandwich (right)
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Fig. 6 Damage in two cases
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Fig. 7 Pressure force-time curves at the bottom point
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Fig. 8 Displacement curves at the bottom point in three different cases
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Fig. 10 Blast stress wave spread of model 3
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