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Axial compression characteristic of non-equal length double square
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Abstract; Foam-filled double tubes under axial compression have high values of initial buckling force and when
used as energy-absorbing components they may not effectively play a protective role. A method was proposed to reduce the
initial buckling force of the foam-filled double tubes by reducing the length of the inside tube. Finite element analysis was
performed on the mechanical behavior of the new structures with different lengths of inner tubes under quasi-static axial
compression. The effect of the length of the inner tube on the energy absorption process was analyzed. The results show
that the initial buckling force of the new structure can be reduced by 37% , the ratio of the initial buckling force to the
mean force is reduced from 1.9 to 1.4 and the plateau force is almost unchanged. The interaction among aluminum foam,
the inner tube, and the outer tube was analyzed, and the relationship between the peak initial buckling force and the
material and structural properties of the foam-filled double tubes was obtained. The non-equal length design of the inner
and the outer tubes can improve the stability and controllability of the impact force of the foam-filled double tubes, and

provide guidance for the design of energy absorbers with stable compressive load.
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Fig.1 Cross-section of double square tubes filled

with aluminum foam
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Fig.2 Schematic diagrams of foam-filled double

square tube structures
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Fig.3 Nominal stress-strain curve of closed-cell

aluminum foam under quasi-static compression
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Fig.4 Inducing grooves on outer tube of structure
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Fig.5 Analysis model of the foam-filled double square tubes
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Fig.6  Comparison of axial crushing force-displacement
curves of equal and non-equal length foam-filled double

square tubes structures
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Fig.7 Deformation of foam-filled double square tubes
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with different A
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Fig.9 Deformation patterns of foam-filled double square tubes

60

—e— i

—a— AR

F/KN

00 ZIO 46 6IO 80
d/mm
K10 1 5 BB R A K SO
SERITT - RS 2k
Fig. 10 Force-displacement curves of foam-filled

double square tubes of test and simulation
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Fig. 11

Variations of force and efficiency with displacement

of a new structure under quasi-static compression
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Fig. 12 Effect of length difference of double tubes on
crush peak load
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Fig. 13 Effect of length difference of double tubes on average force
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Fig. 15 Effect of length difference of double tubes on

energy absorption
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Fig. 16 Effect of interaction on force of equal length double tubes
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Fig. 17  Effect of interaction on force of non-equal length

double tubes
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