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Table 1 Structural dimensions of the component

Serial No. D/mm h/mm d/mm 6/mm Type
MRNI1 200 350 120 2.0 Poly cellular tubular
MRN2 200 350 120 2.2 Poly cellular tubular
MRN3 200 350 120 2.4 Poly cellular tubular
MRN4 200 350 120 2.6 Poly cellular tubular
MRNS5 200 350 120 2.8 Poly cellular tubular
MRN6 200 350 120 3.0 Poly cellular tubular
MRYA 200 350 120 2.6 A
MRYB 200 350 120 2.6 B
MRYC 200 350 120 2.6 C
MRYD 200 350 120 2.6 D
MRYE 200 350 120 2.6 E
MRYF 200 350 120 2.6 F
MRYG 200 350 120 2.6 G
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Fig. 2 Multi-cell circular tube energy-absorbing components
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Table 2 Physical parameters and constitutive model parameters of materials

Material p/(kg-m™) E/GPa i A/MPa B/MPa C n m
45 steel 7 800 210 0.3 507 320 0.064 0.28 1.06
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Fig. 4 Axial compression stress-strain curve Fig. 5 Grid convergence verification

of foam aluminum
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Table 3 Energy absorption performance parameters of components with different wall thicknesses

Serial No. Fp/kN F,/kN E,/K] /KN §/mm
MRN1 1835 1044 287.40 164.36 273.97
MRN2 2024 1225 332.47 191.55 270.35
MRN3 2221 1387 380.76 197.97 275.11
MRN4 2427 1623 447.01 216.67 27491
MRN5 2656 1823 503.79 218.96 275.73
MRN6 2878 2005 560.26 246.91 278.46
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Fig. 6 Load bearing capacity and energy-absorption curves of members with different filling methods
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Fig. 7 Comparison of energy absorption performance parameters
of components with different filling methods
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Fig. 8 Load baering capacity-displacement and energy absoption-displacement curves of different components
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Fig. 9 Axial collapse deformation of different energy-absorbing components
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Abstract: The anti-scour performance of hydraulic support is the key to prevent roadway rock burst. Based

on the research foundation of energy absorption components, this paper proposes a new type of energy

absorption component filled with aluminum foam, and studies the energy absorption characteristics of the
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anti-shock column. Through the numerical simulation method, the optimal energy-absorbing performance of
the multi-cell tube with different wall thicknesses was selected for seven different ways of aluminum foam
filling. The simulation was verified by quasi-static crushing tests, and the filling type of the energy-absorbing
component with better energy-absorbing performance (MRYF type) was analyzed. Through the coupling
simulation method of drop hammer impact hydraulic system, the impact characteristics of conventional
column (no safety valve function) and component energy absorption column (MRYF type energy absorption
component function alone) under different impact energy were analyzed. Then the energy absorption
characteristics of hydraulic energy absorption column (safety valve acting alone) with hydraulic-component
energy absorption column (MRYF type energy absorption component and safety valve acting together) under
the action of strong impact energy were compared. The results show that the average bearing capacity of the
new energy-absorbing component is increased by 18.11%, the energy absorption is increased by 7.64%, the
load mean square error is reduced by 10.75%, the deformation mode is more regular, and the comprehensive
energy-absorbing performance is better. Under different impact energy, the peak value of liquid pressure in
energy-absorbing column decreases obviously. Under the action of strong impact energy, the peak value of
liquid pressure in the hydraulic-component energy absorbing column is reduced by 6.28 MPa compared with
the hydraulic energy absorbing column, and the liquid pressure in the column is more stable. Adding new
energy absorbing components can reduce energy absorption and the maximum liquid pressure inside the
support column under impact load. At the same time, it can reduce the total impact energy applied to the
safety valve and improve the adaptability of the safety valve to different impact loads. Further, it improves
the impact resistance of the support column under impact load and provides theoretical basis for the design
of anti-impact support.

Keywords: energy-absorbing components; foam aluminum filling; impact resistance; safety valve
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