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Numerical study on anti-impact characteristics of energy absorbing column with

multicellular square tube filled with aluminum foam

XIAO Xiaochun'? ZHU Heng'?, XU Jun'?, FAN Yufeng'? LI Ziyang'?, LEI Yun’
(1.School of Mechanics and Engineering, Liaoning Technical University, Fuxin 123000, China; 2. Liaoning Key Laboratory of Mining Environment and
Disaster Mechanics, Liaoning Technical University, Fuxin 123000, China; 3. China Coal Technology & Engineering Group
Shenyang Research Institute, Fushun 113122, China)
Abstract: Aiming at the insufficient anti-impact performance of existing components of the energy-absorbing anti-impact support, a foam
aluminum filled multicellular square tube structure is proposed. According to the axial energy absorption theory of thin-walled structures
filled with foam materials, the formula of average crushing load is obtained. The axial impact simulation of square tube, multicellular
square tube and foam aluminum filled multicellular square tube are completed by using ABAQUS/Explicit. On this basis, the impact resist-
ance of ordinary hydraulic column and energy absorbing hydraulic column is analyzed. The results showed that compared with the square
tube and multicellular square tube, the foam aluminum filled multicellular square tube has an ideal axisymmetric progressive deformation.
The initial load peak value, load bearing-mean and energy absorption are greatly improved, the effective deformation distance is reduced,
the load fluctuation is reduced, and the load carrying efficiency is improved. With the increase of foam aluminum filling ratio, the effect-
ive deformation distance and energy absorption of the component are reduced. As the porosity of aluminum foam decreases, the force vari-
ance decreases, and energy absorption and the load carrying efficiency increase. Aluminum foam-filled multicellular square tube with 60%

porosity at 25% filling rate is an ideal energy absorption component. Ordinary column surges after impact load, bending deformation is
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serious, column relies on its own deformation to absorb energy, supporting effect is poor. After the energy-absorbing column is impacted,

the energy absorption component begins to deform and absorb energy. Greatly reduce the load of the column, absorb most of the outside

impact energy, avoid the column bending deformation, improve the impact resistance of the support.

Key words: aluminum foam; multicellular square tube; energy absorption and anti-impact characteristics; porosity; column
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Table 1 Structural dimensions of components

45 HK/mm EE/mm BERE/mm HKH FLBRE

ST 180 350 8 Wi i pn
MTI 180 350 4 ZMITE J
MT2 180 350 5 ZHMTE ¥
MT3 180 350 6 ZME pn
MT4 180 350 7 ZMITE J
MT5 180 350 8 ZHMTE ¥

AMTI1 180 350 6 ABUHFRA 90%
AMT2 180 350 6 BAUHFAA  90%
AMT3 180 350 6 CRUHAHE  90%
AMT4 180 350 6 DA 90%
AMTS 180 350 6 ERIEAE  90%
AMT6 180 350 6 ABIFEE 60%
AMT7 180 350 6 ABUHRA  70%
AMTS 180 350 6 ABIEFE  80%
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Fig.1 Numerical model of axial impact crushing of components
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Table 2 True stress and plastic strain of Q235B

B Ji/MPa 235 281 329 409 472 515

SRR AR 0  0.024 0.047 0.094 0.138 0.180
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Table 3 Parameters of aluminum foam

FLBREE/% plkg-m™) E/MPa v 0/MPa
60 1080 357 0 14.65
70 810 278 0 8.34
80 567 253 0 6.29
920 393 82 0 2.15
60

—v— 90% FLBRE
—a— 80% FLERFE
50 o 70% LB
—=— 60% FLERE

40

30

20+
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ey
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B2 R4 XA —% X
Fig.2 Nominal stress-nominal strain of aluminum foam
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Fig.3 Energy history of multicellular square tube
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Fig.4 Load-displacement curve of multicellular square tubes
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Fig.5 Schematics sectional view of components under
different filling methods
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Fig.6  Front view, top view and side view of component AMT6
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Table 4 Energy absorption characteristics of components under different filling modes

HF I HFEH/% P, /kN Pooa/kKN o/kN E/K] 8,/mm /%
AN 25 2415.67 2031.41 208.04 505.62 248.90 84.09
B 37.5 241881 2 060.26 212.77 490.96 238.30 85.53
(@11 62.5 242219 2 080.95 203.62 476.60 229.03 85.91
D#! 75 243235 2133.37 212.81 465.74 218.31 87.71
EY 100 2 440.46 2139.53 210.71 450.82 210.71 87.67

515.00
472.92
430.83
38875 o

346.66 5
304.58 =
26249 45
22041
178.32 .2

1 136.24 =
94.15
52.07
9.98

B 7 WKBET S M E R R DA

Fig.7 Impact deformation process of multicellular square tube filled with aluminum foam
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Fig.8 Load-displacement curve of different components
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Table S Energy absorption characteristics of different components

4 P/kKN P/ KN o/kN E/KJ 8,/mm 6,/mm n'%
ST 1 660.72 1018.36 221.31 203.67 9 281.2 61.32
MT3 239498 1910.58 197.89 382.12 15 265.3 79.77
AMT6 2458.32 2195.09 139.18 439.02 16 194.4 89.29
00 o 3.4 AEITLBEEEF B R AL A B
600l —— MT3 LB 2 U PR AR 1 T R AE = —, P TR
ool M B P AR AL R AL S AR He ARIRIFLBREE K
2 o0l SRTESRE | Bk A R 5y AR K
00| 5, SRR B 45 AN
= ol 25 LIS M 90% KRR ZE 60%, #1EAE I
ol HR ] L AR BRI (B AR R B D T 18.71 kN, 2.50 kN I
21.44 kN, WIIRFEFLISE B, OS5 RE | BAPERIRE 5
T JEE AR BB 725, SIEH0 A5 T 10 R R, D) I AR P LS

0 50 100 150 200 250 300 350
AT & S/mm
B9 ARG ER oA &
Fig.9 Energy absorption characteristics curves of

different components

FEPE S TR O i 7R A A B e B A K F-
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Fig.10 Load-displacement curve of multicellular square tubes

under different porosities
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Fig.11 The mean force-displacement curves
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Fig.13 Energy absorption characteristics curves
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Table 6 Energy absorption characteristics of multicellular square tubes under different porosities
%' FLBREE /% P /KN Prea/KN a/kN E/K) d,/mm %
AMT1 90 2415.67 1978.29 193.86 395.66 15 81.89
AMTS 80 243438 2 063.99 163.03 412.80 16 84.79
AMT7 70 2436.88 2106.19 153.19 421.24 16 86.43
AMT6 60 2 458.32 2195.09 139.18 439.02 16 89.29
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Fig.14 Boundary condition of column under axial impact
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Fig.15 Deformation form of ordinary column
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Fig.16 Deformation form of energy absorbing column
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