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Energy absorption capacity of regular polygon-based multi-cell tubes
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Abstract: With the characteristics of light weight and high specific energy absorption, multi-cell thin-wall structures have
been widely used in automobile, ship, acrospace and other fields. Previous studies have shown that the crashworthiness of a
structure is closely related to its topology and cell number. In order to study the influence of the structural shape and topology
optimization on energy absorption, based on regular polygon structures, two kinds of new multi-cell thin-wall structures were
designed by embedding polygons in the basic structures given and circumscribing circular tubes to them, respectively.
Meanwhile, quasi-static compression and drop-hammer impact tests were carried out on the two kinds of multi-cell thin-wall
structures. The deformation modes of the structures were captured by high-speed cameras, and their energy absorption
characteristics were studied quantitatively. The experimental results show that local instability occurred in the structures

obtained by second-order embedding quadrangles into the basic regular triangle tubes in the later stage of the quasi-static
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loading test; the other structures were compressed vertically in the quasi-static compression and drop hammer impact tests, and
their corresponding deformation modes and energy absorption capacities were excellent. By comparing the experimental
results of two kinds of structures, following conclusions are drawn: the energy absorption of the polygon-embedded structures
is obviously higher than that of the structures by externally circumscribing a circular tube under quasi-static loading and drop
hammer impact tests; the energy absorption performance of the quadrangle-embedded structure is obviously better than that of
the triangle-embedded structure with the same mass.

Keywords: multi-cell thin-wall structure; quasi-static loading; drop-hammer impact; deformation mode; energy absorption
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Fig. 1 Two types of novel thin-wall structures
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Fig.2 Specimens used in tests
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Fig. 4 Drop-hammer impact experimental setups
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Fig. 5 Typical deformation modes and their corresponding force-displacement curves for four specimens of
two kinds of structures under quasi-static axial compression
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Table 1 Energy absorption parameters under quasi-static axial compression

(the loading speed is 5 mm/min and the final displacement is 65 mm)

EN L TR Bt /g B R/ WEAF J1/kN P R4 F1/KN iR papyes HmAE/A(k) kg )
T3-3 0.107 1.88 42.74 28.92 0.68 17.57
T3-4 0.107 2.53 50.19 38.92 0.78 23.64
T3-C 0.113 L18 35.61 18.15 0.51 10.44
Q4-C 0.113 1.09 34.06 16.77 0.49 9.65
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Table 2 Energy data in axial impact tests
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Fig. 7 Typical deformation modes and their corresponding force-displacement curves for four specimens of
two kinds of structures under axial impact
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Table 3 Energy absorption parameters under axial impact

R LETRes Jite/kg S AE/T UEEAE 71 /kN S35 R4 F1/kN FR45 TR AN RS LI BE/(kT kg mm ™)

T3-3 0.108 1.93 51.52 35.12 0.68 0.325
T3-4 0.107 2.94 70.20 51.19 0.73 0.478
T3-C 0.114 1.00 38.94 22.43 0.58 0.195
Q4-C 0.113 1.29 39.82 23.45 0.59 0.208
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