A ZAL

#rxgaiam COAL SCIENCE AND TECHNOLOGY

B PRI SO BRI -5 B S A I B 5
Kiek 270 TA AT K8 TH

SIFAA:

MR, BT, T % 0 AT SRR RER 05 BRI TTE)]. BB AHOR, 2024, 52(12): 247-258.

XTAO Xiaochun, LI Ziyang, DING Xin. Simulation and experimental study on energy absorption components of advanced hydraulic
support for mining[J]. Coal Science and Technology, 2024, 52(12): 247-258.

TEZR R View online: https:/doi.org/10.12438/cst.2024-0088

AT RRROSGER A HA SCEE

Articles you may be interested in

FI IR BRI T Z 0T A R RE ST A By R BT

Numerical study on anti—impact characteristics of energy absorbing column with multicellular square tube filled with aluminum foam

PERPLFR AR, 2023, 51(10): 302-311  https:/doi.org/10.13199/j.cnki.cst.2022-1608

It AT R R B B R SR Bl RIS
Research on energy absorption characteristics and anti—bump effect of anti—-bump hydraulic support in rockburst mine roadway

JERBIEFFIAR. 2022, 50(11): 12-19  http://www.mtkxjs.com.cn/article/id/f0884chd—244c—-447c—-8¢3b-44f9d650f31d

H A S I SR BT i RERE B
Analysis on characteristics of anti-impact and energy absorption of new type of composite folding column used in mining

R BRI AR, 2023, 51(3): 225-232  https:/doi.org/10.13199/j.cnki.cst.2021-0460

AR TE 5 il RE AN AR S5 L RSP PR RERIE ST
Study on the support performance of anti—impacting and energy—absorbing concrete—filled steel tube arches in roadways

JRIRBHEF AR . 2024, 52(3): 53-62  https://doi.org/10.13199/j.cnki.cst.2023-0487

e ety B B AT R E Dol S K R AT S

Study on principle application of energy absorption and bump reduction of high impact toughness rock bolt

JERBI2AFIAR. 2019(11)  http://www.mtkxjs.com.cn/article/id/4d9f9400-f59h—4fad—b2 1f-d3822db291h9

BTG P BB TS W RE AR RS L
Comparison and analysis of energy absorption characteristics of chiral structure in novel energy buffering absorption device

PORRLFH AR, 2023, 51(S1): 396-403  hitps://doi.org/10.13199/j.cnki.cst.2022-1138

KEMF AT, PAFHE LT E


http://www.mtkxjs.com.cn/
https://doi.org/10.12438/cst.2024-0088
https://doi.org/10.13199/j.cnki.cst.2022-1608
https://doi.org/10.13199/j.cnki.cst.2022-1608
http://www.mtkxjs.com.cn/article/id/f0884cbd-244c-447c-8c3b-44f9d650f31d
http://www.mtkxjs.com.cn/article/id/f0884cbd-244c-447c-8c3b-44f9d650f31d
https://doi.org/10.13199/j.cnki.cst.2021-0460
https://doi.org/10.13199/j.cnki.cst.2021-0460
https://doi.org/10.13199/j.cnki.cst.2023-0487
https://doi.org/10.13199/j.cnki.cst.2023-0487
http://www.mtkxjs.com.cn/article/id/4d9f9400-f59b-4fad-b21f-d3822db291b9
http://www.mtkxjs.com.cn/article/id/4d9f9400-f59b-4fad-b21f-d3822db291b9
https://doi.org/10.13199/j.cnki.cst.2022-1138
https://doi.org/10.13199/j.cnki.cst.2022-1138

FNEFNH B BE SRR Vol. 52 No. 12
2024 4F 12 J Coal Science and Technology Dec. 2024

ne x5 Hew

MR, 27, T 2, 5. 5 H R SRR A P07 S SR A 5E 0], BB # 4R, 2024, 52(12):
247-258.
XIAO Xiaochun, LI Ziyang, DING Xin, et a/. Simulation and experimental study on energy absorption components

of advanced hydraulic support for mining[J]. Coal Science and Technology, 2024, 52(12): 247-258.

I

s
W ABENRIE X RN ARG R E RS HR

BRAY,2FE?,T &Y R EV. % EY.T KY

(L LT TRFARRE: Ty 5 TRSERE, 10T B3 1230005 2. 3T TR AN I TAH LRGSR FE I A8 082, 107 B3 123000)

B OEATRSREIRGRETOREABEAE Y EHEL AN I RIEREEFRA, BET
¥—Fr e 5RAE L MBEEN ST RS IASHELE A TREIRE P, LTRGBS
FIEIMNT SRENRTAKRERZ, HFHTRRABEHK ST F BTN AX; K
AHBAAEWKRFT ARBRBHBRZIEEMOERERN THRESBOBERLEHETHBHE, LA
%R0 & (SS £ A) R &ARSTR AR, FHBidRISIIE T ARG TS0, R AR LS X
A3 3| B AT RS I TRM 69 5 2 hh & HAT AT AT IL, BRHE T 5 A &) B AT TR A XA 5 69 TR
MAFE; RICRAA S o7 & FRARBEA T XA LA wh, A5 AL EARAT R AL S 09 25% A F 8
HAFX, FERPAILMELRBEEAL SO FT EWHa ARSI RS RIE, SR AW, BEAEYHERL
HEFRA S MF ERREHG A, L 71.18% UM E A KLLEA S I0F F BT Z A, A
EHRKERBREETRK, RERRKARRIF, THRELLEREZ P mET,; SbEk ERFRTN,
ERRAFEREEHT, BEABRA ST EL T LIRS R MBI E SR E L R4, L
BRI, REIEIRT 87% A&, FEEAEKT 307% A4, LAZIEBHEMT 282% A4, d@id
BREEM R EB LR T L RAGBRENY, AXRIEZLEGTFRBIET AR,
WKEBMA ST EH R AR T LR IARR ABAN SN, REGT TEGRFEEE,
KR : b E3 R BAEMME; S ReTr B R E R AR
FE 42 S: TD355 MEARAERD: A X E RS 0253-2336(2024)12-0247-12
Simulation and experimental study on energy absorption components of

advanced hydraulic support for mining
XIAO Xiaochun'?, LI Ziyang"? DING Xin'?, XU Jun'? ZHU Heng'? DING Zhen'?

(1.S8chool 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)

Abstract: In order to improve the energy absorption performance of hydraulic support and solve the problems such as cylinder explosion
of support column when roadway rock burst occurs, a kind of multi-cell tube energy absorption component with square tube and round
tube nested with each other is proposed and applied in series to the hydraulic support. Based on the simplified super folding element the-
ory, the energy dissipation path of multi-cell tubes is analyzed, and the equivalent axial load prediction formula of multi-cell tubes with
different section shapes is derived. The energy absorption performance and buckling deformation morphology of multi-cell tubes with dif-
ferent section shapes under axial crushing were obtained by numerical simulation. It was found that multi-cell square tubes (SS type) had
relative energy absorption advantages, and the reliability of numerical simulation was verified by experiments. Meanwhile, the average
load obtained by numerical simulation and experiment was compared with the equivalent axial load predicted by theory. It is proved that
the equivalent axial load prediction formula has high prediction accuracy. Based on the research foundation of aluminum foam filling

method in multi-cell square tube, the filling method with 25% filling rate with relative energy absorption advantage was selected to carry
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out axial quasi-static compression test of aluminum foam filling multi-cell square tube with different porosity. The results show that the

aluminum foam filling can improve the deformation resistance of the multicellular square tube. Among them, the load fluctuation of the

multi-cell square tube with 71.18% porosity is the smallest, the effective deformation length and energy absorption are the largest, and the

energy absorption effect is the best, which can make the energy absorption and displacement process more stable. When the impact velo-

city remains unchanged, under different impact energy conditions, compared with the with the traditional hydraulic support without adding

energy absorbing components, the plastic energy of the support part is reduced by about 87%, the impact time is extended by about 307%,

and the yield distance is increased by about 282%. The plastic deformation of the support is effectively reduced through the buckling de-

formation of the energy absorption component. Sufficient time is provided for the opening of the support column safety valve. The applica-

tion of aluminum foam filled multi-cell square tube reduces the risk of cylinder explosion of the support column and improves the impact

resistance of the column.

Key words: rock burst; energy absorption component; multi-cell square tube; aluminum foam; anti-impact support
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Table 1 Equivalent axial load prediction formula for multi-cell tubes with different structures
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square tubes with under different filling rates
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Fig.16 Reaction-displacement curves of aluminum foam with
different porosity
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Fig.17 Energy absorption-displacement curves of aluminum
foam with different porosity
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Fig.18 Quasi-static compression experimental device
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Fig.19 Reaction-displacement curve of multi-cell square tube

filled with aluminum foam with different porosity
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Fig.20 Quasi-static compression deformation morphology of multi-cell square tube filled with aluminum foam with different porosity
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Table 4 Energy absorption performance of multi-cellular
square tubes filled with aluminum foam with different

porosity

fLp%/% PN P, /KN  o/kN  E, k]  6mm

84.60 514.65 330.27 54.78 31.21 94.51
80.52 546.40 340.50 54.73 32.12 94.33
74.30 550.08 345.09 57.64 32.67 94.68
71.18 569.70 354.60 54.14 33.55 94.61
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Fig.21 Finite element model of ZQ4000 anti-impact support
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Fig.22 Anti-impact performance of foam-filled multi-cell

square tube anti-impact support
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Fig.23 Anti-impact performance of traditional support
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Table 5 Comparison of anti-impact performance of aluminum foam filled multi-cell square tube support and traditional support
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900 0.0108 0.0450 317 52.93 199.50 277 707 91 87
1,000 0.0119 0.050 4 324 58.47 224.67 284 804 99 88
1100 0.0132 0.054 6 314 64.00 249.47 290 895 107 88
1200 0.014 1 0.0579 311 69.56 269.38 287 998 114 89
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