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Safe passing critical criterion for drawn top-coal on rear conveyor and accurate

control approach for drawing opening dimension
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(1.School of Energy Science and Engineering, Henan Polytechnic University, Jiaozuo 454003, China; 2. Collaborative Innovation Center for Safe Produc-
tion and Clean and Efficient Utilization of Coal, Jiaozuo 454003, China; 3. Mining Design Division, Tiandi Technology Co., Ltd., Beijing 100013, China;
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Abstract: Fully mechanized top coal caving technology has become the mainstream way of high yield and high efficiency mining in extra
thick coal seams in China. The accurate control of the top-coal drawing mechanical parts is of significance to realize the automation and

intellectualization of top-coal caving mining. Mastering the spatial motion law of the coal caving mechanism is the premise of accurate
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control. The immediate shape of the hydraulic support coal caving mechanism is jointly controlled by the support height, support attitude,
extension length of the plug plate, and the relative position of the rear scraper, which has an important impact on the coal caving opening
and the coal-passing height of the support. This study establishes a 3—D numerical model of four- legs top-coal caving hydraulic support
(No. ZF15000/27.5/42) by using the finite element software ABAQUS. Hinge and translator connectors are used to simulate the rotation
behavior and expansion-contraction behavior for hinge point and plug plate, respectively. Taking the support height (#), tail beam swing
angle (a), and the plug plate extension length (/) as control variables, the spatial motion law of the hinge point between shield beam and tail
beam and the end of the plug plate are modeled. The critical security equation for evaluating collision between top-coal drawing mechanic-
al parts and rear scraper is obtained by using Levenberg-Marquardt fitting iteration method. A database for describe the calibration rela-
tionship, which contains the end coordination of plug plate, the dimension of the top-coal drawing opening, and H, a, and /, is established.
The sensor type and installation position for sensing and controlling the attitude of the top-coal drawing mechanism are recommended, the
approach for calculating the tail beam angle based on travel sensor is derived. Through field verification of top-coal drawing opening
width, it is concluded that the relative error between measured value and calculated value meets the requirements for accurate control of
top-coal drawing mechanism. The approach for controlling the top-coal drawing opening dimension is proposed, which has been success-
fully applied in the field.

Key words: hydraulic support; coal drawing mechanism; intelligent top-coal drawing; top-coal drawing opening; critical criterion; ac-

curate control
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Table 2 Dimension calibration database of partial coal caving opening
HCRSE (AR AR xo(FARA 35 Yo(IEARA U, (kiR Us(fidi AR S x (AL Y AEAA SRR
PR EE)/m K JE)/m HIRALHR) HILRALE) Siigx 7 16 S ) YT %) A G XA R) AL Gy AR ER)
0.6 6.35579 —0.174 94 0 6.35579 —0.174 94
0.6 6.35579 —0.174 94 —0.000 362 93 —0.001 122 32 6.355 427 07 —0.176 062 32
0.6 6.35579 —0.174 94 —0.000 420 681 —0.000 674 095 6.355369 319 —0.175 614 095
0.6 6.35579 —0.174 94 —0.000 124 502 0.000 234 69 6.355 665 498 —0.174 705 31
2 0.6 6.35579 —0.174 94 0.000 426 093 0.001 882 59 6.356216 093 —0.173 057 41
0.6 6.35579 —0.174 94 0.000426 093 0.001 882 59 6.356216 093 —0.173 057 41
0.6 6.35579 —0.174 94 —0.427 679 0.139972 5928111 —0.034 968
0.6 6.35579 —0.174 94 —0.427 625 0.140 14 5.928 165 —0.034 8
2, 2 32
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Fig.10 Photo of magnetostrictive displacement sensor

LB AR LS % s

[P ——1|

Bl HEREZEME
Fig.11 Sensor installation layout
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Table 3 Test Results of partial top-coal opening dimensions
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Fe  RBRMAE() 5 (m S E/m TR2E/%
1 —5° 0.514 0.519 0.963
2 -10° 0.605 0.611 0.982
3 —15° 0.726 0.719 -0.974
4 —20° 0.817 0.820 0.366
5 —25° 0.968 0.961 -0.728
6 -30° 1.089 1.097 0.729
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