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Mechanical properties and energy absorption characteristics of PMI foam with
new biaxial compression fixture
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Abstract : Polymethacrylimide (PMI) foam is widely used in lightweight impact-resistant structures such as those in the aero-
space field, where it is often subjected to complex multiaxial stress conditions during service. To elucidate its energy absorption
mechanisms and deformation behavior under complex stress states, the biaxial compressive mechanical properties and energy
absorption characteristics of PMI foam were investigated. Utilizing a novel self-designed biaxial compression fixture, The controlla-
ble loading at various ratios (1:1,2:1,3:1,etc.) was achieved on a Herculi biaxial testing machine, effectively mitigating common
issues such as interference and stress inhomogeneity inherent in traditional devices. Quasi-static compression tests were conducted
on PMI foam under different biaxial ratios, the stress-strain response and energy absorption behavior were analyzed. Experimental
results indicate that PMI foam retains its typical three-stage deformation characteristics under biaxial loading, yet its mechanical
response exhibits significant path dependence: as the loading asymmetry increases, the energy absorption efficiency in the primary
direction markedly improves, while it correspondingly decreases in the secondary direction. However, the total energy absorption
capacity remains largely constant (at 0.50—0.53), demonstrating ratio insensitivity. Biaxial loading notably alters the evolution of the
material’s compaction strain: with the increases loading ratios, the compaction strain ratio rises from 0.98 at 1:1 to 2.67 at 3: 1, indi-

cating that asymmetric loading promotes deformation in the primary direction while suppressing the densification process in the
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secondary direction. These findings elucidate the deformation mechanisms and energy absorption patterns of PMI foam under multi-

axial loads, providing critical experimental evidence and parametric support for the design of lightweight impact-resistant structures.

Keywords : polymethacrylimide foam ; energy absorption ; biaxial compression test ; mechanical property ; deformation
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