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Optimization simulation and crushing experiment of anti-impact energy absorption
component of hydraulic support column
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(School of Mechanical Engineering, Liaoning Technical University, Fuxin 123000, China)

Abstract: Hydraulic support, being the primary supporting equipment in coal mining operations, is frequently subjected to
rock burst pressure. Hence, the anti-impact energy absorption components play a pivotal role in safeguarding the hydraul-
ic support system. Based on the research foundation established by our anti-impact components research group, a detailed
investigation on the parameters of energy-absorbing components was conducted for achieving an enhanced initial peak
force and absorption energy, as well as reducing the dispersion of reaction forces. Subsequently, the ABAQUS finite ele-

ment software was employed for modeling and simulating the crushing impact behavior of these energy-absorbing com-
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ponents. The energy absorption performance and buckling deformation characteristics of the energy absorption compon-
ent were determined, and the optimal size was experimentally validated for its energy absorption performance. By compar-
ing the predicted average support force data of the energy-absorbing member with the finite element simulation results, it
was observed that the error is below 15%. Furthermore, for the optimal size member, the prediction error of the average
support force model is —3.40%, thus confirming a higher level of accuracy in predicting data for the energy-absorbing
members. A test platform was constructed to evaluate the crushing behavior of energy-absorbing components. The experi-
ment involved conducting axial loading crushing tests on the custom-designed components under quasi-static conditions,
with five different loading speeds selected. The experimental results demonstrate that the fluctuation of support reaction
remains consistent across axial crushing experiments conducted at different loading speeds. The maximum peak value of
initial support reaction is 2 253.52 kN, with a standard deviation of 206.23 kN. The minimum peak value of the initial sup-
port reaction is recorded as 2 096.26 kN, with a standard deviation of 189.83 kN. The average value for the initial support
reaction peak is determined to be 2 149.32 kN, accompanied by an average standard deviation of 196.77 kN. The relative
errors of the initial support reaction peak and standard deviation, compared to the finite element simulation data, are 5.6%
and 11.07%, respectively. The energy absorption performance of the optimally sized energy-absorbing component was
analyzed using three methods: a prediction model, finite element simulation, and crushing experiments. The average sup-
port reaction force obtained from the prediction model method is 1 879.7 kN, while that from the finite element simulation
method is 1 945.9 kN, and that from the crushing experiment method is 1 919.8 kN. The prediction model exhibits an er-
ror rate of 3.41%, while the crushing experiment demonstrates a deviation of —1.3%. The reliability and feasibility of the
analysis method for the energy-absorbing components are substantiated through the data verification results from these

three approaches.
Key words: hydraulic pressure support; energy absorbing member; component processing; optimal size; crushing test
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Fig.7 Axial collapse deformation of P8-2 energy-absorbing member under different size parameters simulation conditions
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Fig.9 Curves of supporting reaction force of energy-absorbing member under different size parameters simulation conditions
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Table 2 Energy absorption characteristics of finite element

simulation of components

W Lpe/kN Enk) SealkJ o kg)  SpepkN Myp/kN

Z 227698 19829 4721 2128 19459
ZAl 227392 196.11 46.69 217.58 19547
ZA2 227714 19728 47.08 23626 19315
Z-A4 227424 199.14 4752 23471 19664
Z-AS 227364 199.83 47.69 23165 2046.9
ZBl 216896 189.64 46.64 21376 1862.6
ZB2 223813  194.96 47.66 22583 19163
ZB4 238731  202.62 4701 217.50 19917
ZBS 245265 20395 46.14 23001 1979.7
ZCl 225494 19197 46.70 219.69 18925
7.C2 227406 195.13 47.00 223.08 19072
Z.C4 235107 20345 4787 22937 20311
Z-C5 237072 205.16 4771 219.18  2052.0
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Table 3 Comparison table presenting the mean support and
reaction forces, comparing simulated values with predicted

values of the components

Fatr: 1 FMRp/kN T Mg /KN %1%

z 19459 1879.7 -3.40
Z-Al 1954.7 2010.5 2.85
Z-A2 19315 17272 -10.58
Z-A4 1 966.4 21459 9.13
Z-A5 2046.9 21522 5.14
Z-Bl 1862.6 16429 ~11.80
Z-B2 1916.3 1691.9 -11.71
Z-B4 1991.7 19835 —0.41
Z-B5 1979.7 1938.1 -2.10
Z-Cl 1892.5 1916.0 1.24
Z-C2 1907.2 1843.1 -3.36
Z-C4 2031.1 18303 -9.89
Z-C5 2052.0 1956.1 -4.67
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Fig.10 Assembly drawing of energy-absorbing member
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Table 4 Analysis of energy absorption characteristics of components

BRZE%
INARH v/ (mm - 57 E /K] Iopi/kN Spre/kN Mge/kN
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