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energy-absorbing components
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Fig. 2 Simple theoretical model of axial symmetry plastic collapse
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Fig.3 The bucking deformation mode of the energy-absorption component
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Fig. 6 The buckling mode and stress nephogram the energy-absorption component
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Fig. 7 Total energy-time curve of the

energy-absorption component
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Fig. 8 Duasi-static compression test of the enery-absorbing components
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Fig. 9 Trial curve of energy-absorption component
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Fig. 10 Three stages of the component buckling

B B4 .

(1) 75 W REAE A 0 0 28 PR 4 X0 b 300 P B 7R 48 0738 2660kN iy T8 (B 113 45 21 120kND L 52
T U AR AR T 1 2 (1 (2310kN<< P<<2720kN,

(2) MW BE B 375, 56k CELEUE A 45 AR 22, 32kD) .

(3) P A LA AT B i HR T3 (9 A7 SCHEA T T i AR T . AR TR B L B0 RR A .

() R R ER T T Bt B AR A 45 SR S H T IR ST BB R UL T AR L A A RS B R AT A
JE [ s 35 B W A4 1 1 B X 1T 5 S 808t & B L BE A6 T 2 DR 1A W RE 1 B b S A 7oK

T A BRI 3 50 5 00 AT T W R AG) 4 1) o S R 4 B 5 (L0 25 SR ) 2 DA RS 50 T e A



2 e — LA . 87T By e B S AP R 1 B BE o AT 5 S SR TS 237

f I BE TR BE 15 By b S AP R . iR i v S sl 45 SR AT A A — S ) L A0 4 - Ol AR AL T2 1 56 =B B
S 77 18] T e B A S B 0 RE R AR T U . O IR R e R R BN B SRR S L DR A
I BE AL 5 — /AR SRR AR T RE . O W RE A F T st A2 X0 o 2% 1 LU A RURS TR AR T BB TR =
W BEAS Ty 2 s 38 00 5 240 SRS ) TG i A S ) SRy WA 2 A S R DL . I S [ R R DL IR RE A 1R i
58 B H A A

5 #ie

(1)l 2ol X W R A P8 9 B3 23 M L JSC{ELASE DU 52 38 3 U T 9 4 B ik bty A T 4T 8 ) il B 2 ) 5
S5 HA AR B AR T W RE RE T LA R it A TP A L BLARCE MR . [ i i R R AL
X AT WL BB T 58 A X ASAEL I R A 7 A b il T A S ot TR 35 i AR R A AR ERORE R EE  T  EL TT LA
P50 W REFG PEPEREDT FE 19— T 22 255,

(2) WCRER PRI BT AN 2 B S 8 1 WU B 7 48 7 W R B RIRGURE 19 Jee o R R A8 il L S
BB AR S B E 1Y TR FNE R RE 1L A ) B o S 4P 5K o AR R B BT 5 B O SR B R
Leitt— AR BT RE S B2 it — & i S H K .

SEZ 3k

(1] W—il, EI%, HKE. BETEBESHMP i), &A% 5 TR%IR, 2013, 32(8):1537—1542
(PAN Yishan, WANG Kaixing, XIAO Yonghui. The design of the anti-scour support theory based on pendulum-
type wave [J]. Chinese Journal of Rock Mechanics And Engineering, 2013, 32(8):1537—1542(in Chinese))

2] skosde. 5% 00 W68 A4 REA 45 K 04 T 43 1 23 A 5 de it R4k [D]. 1L 7. KRBT K%, 2010: 1 —4 (ZHANG
Zonghua. Crash worthiness analysis design optimization of lightweight materials and structures for energy
absorption[ D]. Liaoning: Dalian University of Technology, 2010:1—4 (in Chinese))

(30 . VR4 VR BB A 1 2 At K 5 0 T e o A B U5 FLRT 5 (D], SR U e R I LA K%, 2008:7—10 (QU Ming.
Simulation and research of the structure of crash box in the low speed front collision[ D]. Heilongjiang: Harbin
Engineering University, 2000:7—10(in Chinese))

[ 4] Florence A L. Critical Viscoplastic Cylindrical Shells Due to Impulsive Loading[J]. AIAA Journal, 1968(1):532—

537.
[ 5] Gordienko B A. Buckling of inelastic cylindrical shells under axial impact[ J]. Arehives of Mechanics, 1972(3):
383—394.

6] L0, JHE Ko ohay 207 T 2 R BAE 52 09 45 89 w2 (D], VL95%: B 5t BT 2K %%. 2003:4—6 (GU Hongjun.
Structure response of multi-row cylindrical shells under explosion and shock[D]. Jiangsu: Nanjing University of
Science and Technology, 2003: 4—6(in Chinese))

L7 #bid. oroeil, £ B 3 5o M pop A2 n s o m i [T s EAR%, 1995, 25(2):166—173
(XU Xinsheng, SU Xianyue, WANG Ren. Dynamic Buckling of Axial Stress Wave and Elastic-plastic Material
Cylindrical Shell[J]. Science Chinese, 1995, 25(2):166—173(in Chinese))

(8] EA~. #hsh=, ®WHF 55, 28w vhd 09 A 52 vk 3y Ja it SC 3 R 5 [T, 1% %4, 1983, 19(5):509—514
(Wang Ren. Han Mingbao. Huang Zhuping. et al. Dynamic Plastic Buckling of Cylindrical Shell Under Axial
Impact-an Experimental Study[J]. Chinese Journal of Theoretical and Applied Mechanics, 1983,19(5):509—514
(in Chinese))

(9] BfEs. H—1l, 280 208 R PRI Z2 WA 45 1y K HAE we s i H A8 08 S v iy i T DL B 9K 8k T 2
i, 2011, 31(2):185 — 190 (LV Xiangfeng. PAN Yishan. LI Zhonghua. Rigid-flexible Energy Absorbing
Structure with Porous Metal Material and Its Application to Roadway Support of Rockburst[ J]. Journal of
Disaster Prevention and Mitigation Engineering. 2011, 31(2):185—190 (in Chinese))

(100 XU, 24K, WIRIREE LW RE LB AR OF R (1], MR R 2244 (AR R0+ 2010.29(2) : 166 — 168 (LIU
Haiyan, LI Ran. Experimental Study on Endergonic Mechanism of Foam Concrete []J]. Journal of Chengdu
University(Natural Science Edition), 2010, 29(2):166—168 (in Chinese))

[11] %%, BUAdt. =RHEEE MRS b R B BT, 5% 4R, 2011, 32(1):41—46 (LIAN Jun,



238 O N (2014 4F) 55 29 %

GU Bohong. Numerical simulation of dynamic performance of three-dimensional braided composites[]J]. Journal of
Textile Research, 2011, 32(1):41—46(in Chinese))

[12] W& —il. whids & A s SRt B (D], JbE i€ K2, 1999:1—2 (PAN Yishan. Study on Rockburst
Initiation and Failure Prpagation[ D]. Beijing: Tsinghua University, 1999:1—2 (in Chinese))

(13] Z=Ae, W —1l. BEAE vh s o s A9 e A 20 A LD . b B % 5 3R BE 4 7, 2001, 12(2):62— 65 (LI Zhonghua,
PAN Yishan. Analytical Analysis Of Pillar Rockburst [J]. Joumal of Geological Hzards and Envionment
Preservation, 2001, 12(2):62—65 (in Chinese))

[14] &EA . FEX. MRS 8m 0 ae M. ek, Jbat Ak Tl . 2005:110—115 (YU Tongxi,
LU Guoxing. Energy Absorption[ M]. Translated by HUA Yunlong. Beijing:Chemical Industry Press. 2005:110
—115 (in Chinese))

Numerical Analysis and Experimental Study of a Coal Mine
Anti-Impact and Energy-Absorption Supporting Component

PAN Yi-shan, MA Xiao, XIAO Yong-hui, LI Zhong-hua

(School of Mechanics and Engineering, Liaoning Technical University, Fuxin 123000, Liaoning, China)

Abstract: Coal mine rockbrust may cause severe vibration, deformation or sudden destruction for
surrounding rock, thereby may produce devastating impact action on supporting body. Based on the
ideas of quick energy absorption and displacement anti-impact, a kind of anti-impact, energy-
absorption component with special shape was developed and was applied to roadway hydraulic
support. The mechanism of the component is to alleviate the over impact applied to support based on
quick deformation displacement and energy absorption of component. It protects support from
damage, thereby prevents instability destruction of roadway supporting system. A simplified formula
relating bearing capacity of energy absorption component and energy-absorbing amount is put forward
in this paper. The reliability of component parameter setting was calculated and analyzed by Abaqus
software. Ideal force-displacement curve, energy-absorbing amount curve and buckling mode were
obtained, and verified by quasi-static compression experiment in laboratory. Experimentally obtained
the bearing capacity is up to 2660kN, the energy-absorbing amount is up to 375. 56k]J. that is very
close to the expected value. The design and development of this component provide certain reference
for optimization design of support.

Keywords: rockburst; anti-impact; energy-absorption; energy-absorption component



