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Mechanism evolution mechanism of active support process of two-leg shield

HU Xiangpeng, LIU Xinhua
(Tiandi Ningxia Support Equipment Co., Ltd., Yinchuan 750011, China)

Abstract: In view of the unclear mechanism evolution of the two-leg shield during the active support process, the planar kinematic model
of two-leg shield is established, the necessary conditions for the mechanism evolution of the shield are obtained, and the active cooperat-
ive control strategy of the stabilizing ram and the leg is proposed. Theoretical analysis and experimental studies show that whether mech-
anism evolution occurs in the active support process of the two-leg shield depends on the state of the canopy in contact with the roof and
the state of the stabilizing ram; The canopy is in contact with the roof in an elevation, the canopy evolves from a rocker to a "rocker +
slider", and the base evolves from a rack to a rocker when the stabilizing ram is a rigid body; When the stabilizing ram is a rigid body, with
the leg elongation, the motion form of the canopy is the slide along the roof toward the coal wall and the rotation toward the roof, and the
motion form of the base is the rotation around the front toe of the base toward the coal wall, and the motion trajectories of the canopy and
the base show a quadratic function, and the larger the elevation angle of the canopy, the greater the distance of the slip of the canopy and
the height of the lift of the base; When the stabilizing ram is a floating body, with the leg elongation, the motion form of the canopy is the
slide along the roof and the rotation toward the roof, the base does not move, the length of the stabilizing ram changes as a quadratic func-
tion, while the trajectory of the canopy shows a cubic function, and the slip distance is very small, as well as reciprocating motion may oc-
cur. The proposed active cooperative control strategy of stabilizing ram and the leg can effectively avoid the suction air of stabilizing ram
and the mechanism evolution of the shield. The research results reasonably explain the interference phenomenon between shearer and can-
opy of the shield in Pingdingshan mining area, which provides a new idea for studying the active cooperative control of leg and stabilizing ram.

Key words: two-leg; shield; active support process; mechanism evolution; leg; stabilizing ram
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Fig.1 Final attitude of the two-leg shield
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Fig.8 Pressure variation curve of legs and stabilizing ram
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Table 2 Numerical calculation and experimental results
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Table 3 Illustration of numerical calculation

A Wt
%@u %ﬁtﬁéﬁaeev/(o) a;/(°)

a6/ (°) Sy/mm S,/mm

1 180 0 173 2 808.68 1276.41

2 175 0 180 2851.97 1199.64

3 175 5 178 2 768.38 1282.08

4 185 5 182 2 864.15 1228.52

247



2023 44 8 ] H# £ A F H K 551 %
Uitk G S o TR B TR R 3% 2 R L £, S0 T Fr O S T i

WAL ] LU HY, SE A A T TAY 5[] 42
73 2 B, SLHER BRI & Hi—
BB, STHERE R AL

3200

S G T T TS S, e

ST TR /mm

P T T TH E / mm

37 SRS R0 228 10 22 S A I b 4 o 5 A T 5
S BB, SEAEAEET T T TR 2 5 i, DL i

TGl itz £ 18 78 AN, L 28 TR 58 e B TR A 1k o
32000y .
—o— 4 T T3 "
3000 | : -
H -/.
I—I—I—I—l—?l/./
2800 | §
Y Yo7
2 600 /
1200 ./-/-#'”'”f—'*'*'*'ﬂﬂﬂ
1000 : : : : : : '
0 2 4 6 8 10 12 14
TS
(b) H il 2
3200 R
—a— 3 fE
—o— 45 T i Ti _/-/'
3000 ; /./l/
I—-—-—I—-—I—ﬁ/.
2800 | ‘
o257
1400 |
1200+ -—.—.~.—.~-—.~.~.~.~.~.~.
1000 . : : :
0 2 4 6 8 10 12 14
PEIRREL
(d) 51 4

B9 AP TueKEL &

Fig.9 Length variation curve of leg and stabilizing ram

—n— 7
—o— 1 ST IR P
g 3000 ; "
i e
£ i/I/.
#2800 - ;
WM %
=
£ 2600 4y ek
= 1400
R
N *—0—o o o
H_ 1200 e .~'*‘~'~.~.~.~.
1000 : : : : : : '
0 2 4 6 8 10 12 14
M HL
(a) 5H 1
3200 .
—u— A
—o— P ST 1
3000 | ; -
£ | g
X 3 .
5 23800 e
E“' I—I—I—I—I—I—*/
\= :
T 2600 R
B 1400 ‘
.,_._.—-—l——°—?—'—O~o~.~.~.
1200 : : — : : :
0 2 4 6 8 0 12 14
TEI AL
(c) Bl 3
5 & it

D EEST T WY R SR w2 1932 3
SR, 153 T SRR AE AU A R A, I E
IR AT TR,

2) AR RSP OB S 2R e B R A AR ML
TR T T T 8 25 RN T 7 TOOIR S o 24T
F DI S S 25 1 fk OO A I, T00 3% PR B AT AL A “3R
FFHIE B, HAE T T50 Sk WA A2 B, JE A2 R AT v
WRHEAT

3)??@?%‘)?]???9!*]“‘@#5]‘ Bt AR ST AR B AR, S48
ST TGRS TOUNR [ SR RE Ty ] 1) 14 A% 42 B0 1T %
i e iz 21, 18 T BB 2 R, AT R TR
FIENLG TR AT . TOGERE A ()32 Sl 2 —
YRR Ak, HL IO A Sk A7 B2 K, T % iy v 1 % ik
TR 8 i v 41 A e K

4) A5 T 7 TR 7 SRR, Bl Ad S A 31, S48
AR & A T TR VR IO 1 8 B iz 2, (B JBEAS &

248

sy, T T K R 2 TR R, T E
BT R =R R B AL, TR R AR/, Bl ge
Bz,

SR TP T TS 7 AR Y 3 Bl R4 i 5
W, RERS AT Ak 07 T D sz sl S B itk
ﬁé’ﬁllﬂ@&mmu1fﬂ7k§j<i%m5ﬁﬁﬂ’]m¢’]@i%
R

JIr i 4 14 = Sl b 42 o) SRS AT TR A S B
AR, T — 22 AT 5T 2R T T A IR 25 A 2R
MBS EA I . WA, X T B MR ISR AR 1,
JREJAE FT RE Y B B 03B 3, Xt Je N — 2P

RAWFTERIN A .

E

5% 3 Hf(References):

[1] PENG Syd S, DU Feng, CHENG Jingyi, et al. Automation in U. S.
longwall coal mining: A state-of-the-art review [J]. International
Journal of Mining Science and Technology, 2019, 29(2): 151-159.

(2] #packs. PIkERCHE SCARB) RIS R A A v 2 A it SO


https://doi.org/10.1016/j.ijmst.2019.01.005
https://doi.org/10.1016/j.ijmst.2019.01.005

WIARERAE . AR QT SO R WAL T A AL 2

2023 455 8 A

[10]

[11]

JERGEHFAMER B D). 5B 4R, 2005, 33(1): 63-64.
YANG Lichao. Measures to prevent concentrated loading on front
part of underframe in two legs hydraulic powered support[J]. Coal
Science and Technology, 2005, 33(1): 63—64.

PENG Syd S. Longwall Mining, 3rd Edition[M]. Netherlands:
CRC Press, 2020: 374-376.

RO HERUR, RIS, BRI AR T A AR )
WL LI]. W58, 2017(2): 58-62.

SONG Fei, LOU lJingjun, PENG Likun. Overpressure and cavita-
tion of load-sensing hydraulic system[J]. Chinese Hydraulics &
Pneumatics, 2017(2): 58—62.

R, EWE R OR,E BESIRAUKA B AP .
MG L, 2019, 40(7): 31-34.

LI Dong, WANG Haijun, MOU Dong, et al. Research on techno-
logy of pure water medium for hydraulic Support[J]. Coal Mine
Machinery, 2019, 40(7): 31-34.

BERUK, R, M UK, 55 D E R R G UGA R IR 4
BrlI]. Jeah bk, 2021, 40(2): 199-203.

HAN Heyong, QIN Lixia, LIU Yuan, et al. Theoretical analysis of
gas dissolution
systems[J]. Journal of Vibration and Shock, 2021, 40(2): 199—
203.

GIAKOUMATOU E, GOSSMANN A K, STELZNER B, et al.

in high-speed and heavy-load hydraulic

Simultaneous compression and absorption for energy-efficient dis-
solution of gases in liquid[J]. Chemie Ingenieur Technik, 2022,
94(3):309-313.
T AR PR D A SR T R b (. T
B, 2009, 30(1): 168—170.
WANG Wei. Analysis on control methods of role of equilibrium
jack of two led hydraulic shield[J]. Coal Mine Machinery, 2009,
30(1): 168-170.
HOER, INEIE, KRR, AR U S T I ml A
et 1], T A 3k, 2018, 44(2): 13-18.
CAO Lianmin, SUN Shijiao, ZHANG Zhen, ef al. Optimal design
of balance jack control loop of hydraulic support[J]. Industry and
Mine Automation, 2018, 44(2): 13-18.
XIE Jiacheng, WANG Xuewen, YANG Zhaojian, ef al. Attitude-
aware method for hydraulic support groups in a virtual reality en-
vironment[J]. Proceedings of the Institution of Mechanical En-
gineers, Part C:Journal of Mechanical Engineering Science, 2019,
233(14): 4805-4818.
GE Xing, XIE Jiacheng, WANG Xuewen, et al. A virtual adjust-
ment method and experimental study of the support attitude of hy-

draulic support groups in propulsion state[J]. Measurement, 2020,

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[20]

[21]

158: 107743.

MENG Z S, ZHANG S, XIE Y Y, et al. Attitude adjustment of
backfilling support based on mechanical-hydraulic co-
simulation[J]. International Journal of Simulation Modelling,
2020, 19(3): 399-409.

HU X P. Cooperative automatic control for the canopy posture of
a four-leg hydraulic support[J]. International Journal of Simula-
tion Modelling, 2020, 19(4): 713-724.

ZHANG Yi, ZHANG Hongyang, GAO Kuidong, et al. New
method and experiment for detecting relative position and posture
of the IEEE  Access, 2019, 7:
181842-181854.

ZHAO Ruihao, LIAO Yaoyao, LIAN Zisheng, ef al. Research on

hydraulic  support[J].

the performance of a novel electro-hydraulic proportional direc-
tional valve with position-feedback groove [J]. Proceedings of the
Institution of Mechanical Engineers, Part E:Journal of Process
Mechanical Engineering, 2021, 235(6): 1930—1944.

YANG Xuejun, WANG Ranfeng, WANG Huaifa, et al. A novel
method for measuring pose of hydraulic supports relative to in-
spection tobot using LiDAR[J]. Measurement, 2020, 154:
107452.

LU Xuliang, WANG Zhongbin, TAN Chao, ef al. A portable sup-
port attitude sensing system for accurate attitude estimation of hy-
draulic support based on unscented Kalman filter[J]. Sensors,
2020, 20(19): 5459.

WANG Binbin, XIE Jiacheng, WANG Xuewen, et al. A new
method for measuring the attitude and straightness of hydraulic
support groups based on point clouds[J]. Arabian Journal for Sci-
ence and Engineering, 2021, 46(12): 11739-11757.

CHEN Hongyue, CHEN Hongyan, XU Yajun, et al. Research on
attitude monitoring method of advanced hydraulic support based
on multi-sensor fusion [J]. Measurement, 2022, 187: 110341.
AL, #7KW], PENG Syd S, 4. ZHEHES A ST AKT Iy T
FE L), PRI, 1990, 19(3): 4-10.

ZHU Deren, JIANG Yongming, PENG Syd S, ef al. A study of
the horizontal force of 2-leg shield support[J]. Journal of China
University of Mining & Technology, 1990, 19(3): 4-10.

BARER, XU, WIER By SO ALY SRS T 7 To—— S
T sfoms 1], R 582 4 TR, 2021, 38(4): 666-677.
HU Xiangpeng, LIU Xinhua. One-to-one mapping between the
powered support posture and the actuating rams and its adjust-
ment strategy during the setting stage[J]. Journal of Mining &
Safety Engineering, 2021, 38(4): 666—677.

249


https://doi.org/10.3969/j.issn.0253-2336.2005.01.020
https://doi.org/10.3969/j.issn.0253-2336.2005.01.020
https://doi.org/10.3969/j.issn.0253-2336.2005.01.020
https://doi.org/10.11832/j.issn.1000-4858.2017.02.011
https://doi.org/10.11832/j.issn.1000-4858.2017.02.011
https://doi.org/10.11832/j.issn.1000-4858.2017.02.011
https://doi.org/10.13436/j.mkjx.201907011
https://doi.org/10.13436/j.mkjx.201907011
https://doi.org/10.13436/j.mkjx.201907011
https://doi.org/10.13465/j.cnki.jvs.2021.02.027
https://doi.org/10.13465/j.cnki.jvs.2021.02.027
https://doi.org/10.1002/cite.202100153
https://doi.org/10.3969/j.issn.1003-0794.2009.01.070
https://doi.org/10.3969/j.issn.1003-0794.2009.01.070
https://doi.org/10.3969/j.issn.1003-0794.2009.01.070
https://doi.org/10.13272/j.issn.1671-251x.2017070021
https://doi.org/10.13272/j.issn.1671-251x.2017070021
https://doi.org/10.13272/j.issn.1671-251x.2017070021
https://doi.org/10.1177/0954406219838574
https://doi.org/10.1177/0954406219838574
https://doi.org/10.1177/0954406219838574
https://doi.org/10.1016/j.measurement.2020.107743
https://doi.org/10.2507/IJSIMM19-3-520
https://doi.org/10.2507/IJSIMM19-4-CO20
https://doi.org/10.2507/IJSIMM19-4-CO20
https://doi.org/10.2507/IJSIMM19-4-CO20
https://doi.org/10.1109/ACCESS.2019.2958981
https://doi.org/10.1177/09544089211024424
https://doi.org/10.1177/09544089211024424
https://doi.org/10.1177/09544089211024424
https://doi.org/10.1016/j.measurement.2019.107452
https://doi.org/10.3390/s20195459
https://doi.org/10.1007/s13369-021-05689-2
https://doi.org/10.1007/s13369-021-05689-2
https://doi.org/10.1007/s13369-021-05689-2
https://doi.org/10.1016/j.measurement.2021.110341
https://doi.org/10.13545/j.cnki.jmse.2020.0158
https://doi.org/10.13545/j.cnki.jmse.2020.0158
https://doi.org/10.13545/j.cnki.jmse.2020.0158

	0 引　　言
	1 两柱支架初撑过程的机构演化
	1.1 液压支架的初撑过程
	1.2 平衡千斤顶为刚性件
	1.3 平衡千斤顶成为刚性件的条件
	1.4 平衡千斤顶为浮动件

	2 数值计算
	2.1 平衡千斤顶为刚性件
	2.2 平衡千斤顶为浮动件

	3 试验验证
	3.1 试验设备
	3.2 试验过程
	3.3 试验结果分析

	4 平衡与立柱的主动协同控制策略
	5 结　　论
	参考文献

