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Fig. 1 The uniaxial tensile test results of Fig. 2 The uniaxial compressive test results
the profile material of aluminum foams
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Fig.3 The sections of different kinds of structures
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Tab.1 The dimensions of cylindrical tubes (in mm)

Outer tube Inner tube
Diameter Thickness Diameter Thickness
1 38 1.0 20 1.2
2 38 1.6 24 1.2
3 38 2.0 22 1.4
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Fig.4 The reproducibility of experiments for (a) empty tubes. (b) foam-filled single tubes
and (c¢) foam-filled double tubes
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Fig.5 Deformation modes of different structures: (a) empty tubes, (b) outer tube of foam-filled tubes

and (¢) Inner tube of foam-filled double tubes
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Tab. 2 The parameters and experimental results of specimens
Profiles (outer-inner) Aluminum foams
Samples M, (g) St, E.(D E/g
Mass (g) mode | Mass (g) | p;(g/cm?)

El0a 27.6—0 NE - - 27.6 0.74 604 21.9
E10b 27.6—0 NE — — 27.6 0.74 582 21.1
El10c 27.6—0 NE — — 27.6 0.70 526 19.1
E20a 41.4—0 AE — - 41. 4 0.70 1022 24.7
E20b 41.4—0 AE — - 41. 4 0.70 1022 24.7
E20c 41.5—0 AE — - 41.5 0.70 1021 24.6
E30a 50.8—0 AE — — 50. 8 0.70 1365 26.9
E30b 50.8—0 AE — — 50. 8 0.70 1369 26.9
E30c 50.9—0 AE — - 50.9 0.70 1353 26. 6
S10a 27.6—0 - 43.3 0. 47 70.9 — - -

S10b 27.7—0 L 37.1 0.41 64. 8 0.53 863 13.3
S10c 27.7—0 L 43.9 0. 48 70. 6 0.53 943 13.3
S20a 41.5—0 Z 39.1 0. 46 80. 6 0.55 1279 15.9
S20b 41.6—0 L 40. 3 0. 47 81.9 0. 54 1314 16.0
S20¢ 41.4—0 Z 40.9 0. 48 82.3 0. 55 1344 16. 3
S30a 50.8—0 Z 38.4 0. 47 89. 2 0. 55 1498 16. 8
S30b 50.9—0 Z 33.3 0.41 84.1 0.59 1546 18.4
S30¢ 50.8—0 Z 34. 4 0.42 85.3 0.59 1568 18.4
D21a 41.5—14.1 7Z-N 25.2 0. 44 80. 8 0. 54 1398 17.3
D21b 41.5—14.1 7Z-N 22.6 0. 39 78.2 0. 60 1472 18.3
D21c 41.5—14.1 7Z-N 23.3 0.41 78.9 0. 56 1390 17.6
D22a 41.5—20.0 Z-N 23.9 0. 47 85.4 0. 57 1978 22.8
D22b 41.5—20.0 L-N 20.9 0.41 82.4 0.55 1857 22.5
D22c¢ 41.5—20.0 7Z-M 20. 4 0.40 81.9 0.61 2100 28.6
D23a 41.5—17.1 7Z-N 20. 3 0. 45 78.9 0. 56 1343 17.0
D23b 41.5—17.1 L-N 19.7 0. 44 78.3 0.58 1446 18. 4
D23c 41.5—17.1 Z-N 19. 8 0. 44 78.4 0.59 1425 18.1
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Profiles (outer-inner) Aluminum foams
Samples M, (g) St, E D E. (/g
Mass (g) mode | Mass (g) |p;(g/cm®)
Dlla 27.6—14.1 - 24.0 0. 35 65.7 - - -
D11b 27.6—14.2 L-N 26.7 0. 39 68.5 0. 56 1148 16.7
Dllc 27.6—14.1 L-N 24.8 0. 36 66.5 0. 56 1074 16.1
D13a 27.7—17.1 L-N 19.1 0. 34 63.9 0.51 903 14.1
D13b 27.7—17.1 L-N 21.5 0. 38 66. 3 0. 55 1030 15.4
D13c 27.7—17.1 L-N 19.4 0. 35 64.2 0. 56 987 15.3
D3la 50.8—14.1| L-N 23.6 0. 37 88.5 0.61 1782 20.0
D31b 50.8—14.1 Z-N 24.3 0. 38 89.2 0.62 1855 20.7
D31c 50.8—14.1 7Z-N 24.2 0. 38 89.1 0.61 1793 20.1
D32a 50.8—20.0 7Z-M 24.3 0.42 95.1 0.63 2245 23.6
D32b 50.8—20.0 7Z-M 23.0 0. 40 93.8 0.59 2156 23.0
D32c 50.8—20.0 | Z-A 22.1 0. 39 92.9 0. 60 2302 24.8
D33a 50.8—17.1 L-N 17.9 0. 35 85. 8 0. 60 1657 19.2
D33b 50.8—17.1 7Z-N 18.8 0. 37 86.7 0. 60 1720 19.8
D33c 50.8—17.1 Z-N 18.6 0. 37 86.5 0.63 1803 22.8
D22Ga 41.5—20.0 Z-N 24.2 0. 47 89.1 0.58 2088 23.4
D22Gb | 41.5—20.0 L-N 24.1 0. 47 88.1 0.59 2068 23.5
D22Ge | 41.5—20.0 | L-N 22.6 0. 44 87.2 0.55 1948 22.3
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Fig. 6 The axial cutting section view of the foam-filled double tube with deformation mode I.
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(¢) the specific energy absorption among different structures
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Fig. 9 The effect of the outer tube thickness on the (a) load carrying capacity, (b) the stroke efficiency

(c) the total energy absorption and (d) the specific energy absorption of foam-filled double tubes
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On the Quasi-Static Axial Crushing Behavior
of Foam-Filled Double Cylindrical Tubes

GUO Liu-wei"*, YU Ji-lin', YANG Guo-dong'
(1. CAS Key Laboratory of Mechanical Behavior and Design of Materials, University of Science and Technology of China, Hefei 230027,
China; 2. Science and Technology on Shock Waves and Detonation Physics Laboratory, Institute of Fluid Physics, China Academy of
Engineering Physics, Mianyang 621900, China)

Abstract: Quasi-static axial crushing behavior of foam-filled double cylindrical tube was studied
experimentally. It is found that the specific energy absorption efficiency of this new structure is much
higher than that of traditional foam-filled single tube and approaches to or even higher than that of
empty tube. The profile’s deformation mode of this new structure differs from that of empty tube and
depends on the inner and outer tube arrangement. The deformation mechanism was discussed. The
effect of the outer tube thickness on its compressive behavior was also analyzed. Results show that
thicker outer tube wall increases the stroke efficiency and the specific energy absorption of the
structure. It is also found that the adhesive did not effect on the response of this new structure
obviously.

Keywords: foam-filled tube structure; quasi-static axial crushing; mass efficiency of energy absorption



