INSTRUMENTATION, Vol. 8, No. 1, March 2021

61

Research on Robotized Advance Support and
Supporting Time for Deep Fully Mechanized

Excavation Roadway

LI Sanxi', QIAO Hongbing®, XUE Guanghui **

(1. Beijing Railway Electrification School, Beijing 102202;
2. School of Mechanical, Electrical & Information Engineering, China University of Mining and
Technology (Beijing), Beijing 100083;
3. Research Institute of Robotized Mining Equipment, China University of Mining and
Technology (Beijing), Beijing 100083)

Abstract: To keep coal workers away from the hazardous area with frequent accidents such as the roof fall and
rib spalling in an underground coalmine, we put forward the solution with robotized self-moving anc-
hor-supporting unit. The existing research shows that the surrounding rock of the roadway has self-stability, and
the early or late support is not conducive to the safe and reliable support of the roadway, so there is a problem of
support opportunity. In order to study the supporting effect and the optimal supporting time of the above solution,
we established the mechanical coupling model of surrounding rock and advance support, and investigated the
surrounding rock deformation and advance support pressure distribution under different reserved roof subsidence
by using the numerical simulation software FLAC3D. The results show that the deformation of surrounding rock
increases and finally tends to a stable level with the increase of pre settlement of roadway roof, and when the pre
settlement of roof is between 8-15mm, the vertical pressure of the top beam of advance support reaches the
minimum value, about 0.58MPa. Based on the above research, we put forward the optimum supporting time in
roadway excavation, and summarized the evaluation method based on the mechanical coupling model of sur-
rounding rock-advance support.

Keywords: Coalmine Safety, Robotized Advance Support, Optimum Supporting Time, Deep Fully Mechanized
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1 Introduction

In an underground coalmine, the fully mechanized
excavation face is an area with frequent accidents such
as roof fall and rib spalling, which seriously threatens
the personal safety of coal miners at the working face.

With the increases of mining depth, the mining location

gradually shifts to the deep underground, the coal
production is undergoing a transition period from
shallow mining to deep mining, and safety issues are
becoming increasingly prominent. It will be safe
with fewer people even no people at the working
face. Therefore, solving the safe issue of coal

production, it is an effective way to replace people
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with mechanization and to reduce people through
automation, which liberates coal miners from the
heavy labor and keep them away from the dangerous
areas.

Guanghui X. " numerically simulated the deep
surrounding rock pressure and its influence on ad-
vanced support, put forward a new type of advance
support for fully mechanized excavation roadway, and
analyzed its supporting performance and the determi-
nation method of the working resistance for the ad-
vance support. Yong H ' studied the control problem
of stepping hydraulic support column of advance
support. Guanghui X. ™), LUANL. J.1 and LUJ. N.!"!
studied compound control strategy of the elec-
tro-hydraulic servo-position and pressure, and mul-
ti-cylinder control strategy of the stepping leading
bracket for the fully mechanized excavation roadway.

Roadway surrounding rock control and support
theory is a critical issue in roadway excavation, and
always attracts the attention of researchers related to
coalmine production. From the original Platt Pressure
Arch Hypothesis (1907) which only considers the
weight of rock in caving arch and the Karl Terzaghi
Formula (1942), which considers the ultimate equili-
brium arch, to the Castner Formula (1948), which
considers the ultimate equilibrium surrounding rock
-9 With the proposal of the

port-surrounding rock" interaction concept, many

support "sup-
scholars put forward the bolt support method with
active support and full use of the self-supporting ca-
pacity of surrounding rock. The theory of bolt support
has gradually developed from the initial suspension
theory to the theory of composite beam !'”, extrusion

[11, 12]

reinforcement, broken rock zone , and the theory

of "given deformation" and "limited deformation""*),
Most soft rock roadways have a phenomenon of floor
heave or rib spalling, which affects the stability of the
roof. Researchers have proposed the theory of the
ultimate self-stabilized equilibrium arch of roadways
and the principle of bolt support design and construc-
tion ['* "1 A large number of studies have shown that
the surrounding rock is a natural bearing structure,

which can act with strong self-bearing capacity under

specific conditions. It is uneconomical to support too
early because the supporting structure has to bear a lot
of deformation pressure. Therefore, when supporting
roadways, the surrounding rock should be allowed to
produce as much deformation as possible under the
premise of continuity, and the self-supporting capacity
and self-stability of surrounding rock should be uti-
lized to the maximum extent, that is yielding support-
ing, to reduce the support strength required by roadway
support and the cost of manual support'®. However, if
the support is not timely, the surrounding rock will
deform excessively, resulting in relaxation and insta-
bility. Therefore, the appropriate supporting time is
very important for roadway excavation support. Re-
searchers at home and abroad have done a lot of re-
search on the "optimal support opportunity" by means
of field monitoring, theoretical derivation and numer-

ical simulation ['7""]

, and have made positive progress.
However, the theoretical analysis and mechanism re-
search of the problem is still very lacking. How to
determine the optimal support time reasonably and
accurately and achieve "timely support" is still lack of
reliable theoretical guidance, and can only be deter-
mined based on on-site monitoring information or a
large number of numerical simulation tests.

Numerical simulation has become an important
methodology to solve various problems in tunneling
and underground space engineering and to achieve
optimal parameter selection for design and operation
purposes 2?1 At present, researchers have developed
many computational methods, such as the Discrete
Element Model (DEM), the Discontinuous Deforma-
tion Analysis (DDA), the Scaled Boundary Finite
Element Method (SBFEM), the Peridynamics (PD),
and the Lattice

(4D-LSM), with many advantages in solving various

4-Dimensional Spring  Model
problems including discontinuous deformation, large
deformation, and dynamic fracturing.

This paper proposed the advance supporting
scheme of self-moving support and anchoring unit and
the concept of optimum supporting time, and then
studied the deformation of surrounding rock under
different support time and its influence on support
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capacity through numerical calculation with Flac3D
software, with the consequence of the law between the
deformation of surrounding rock and support time. At
last, we summarized the method to determine the op-
timum supporting time.

2 Robotized Self-moving Anchor-supporting
Unit

The Robotized self-moving anchor-supporting
unit consists of tunneling robot, supporting robot,
anchoring robot, and subsidiary mechanism, with the
characteristics of multi-station cooperative operation,
fast coordination of support-anchor, and fast forward
movement of support and flexible self-movement of
drilling-anchor mechanism, as shown in Fig. 1.
Tunneling Robot mainly completes roadway excava-
tion. The function of supporting robot is temporary
support of the roadway. It could adjust the height and
width to meet the needs of the different cross-section
size of the roadway and its movement forward. The
anchoring robot realizes the permanent support of the
roadway, and its multi position anchor-drill displace-
ment manipulator can achieve the anchoring coopera-
tive operation in the multi degree of freedom envi-
ronment to complete the installation of the roof bolt
and rib bolt. The supporting vehicle can carry the
supporting robot forward and provide operation plat-

form for supporting and anchoring.

Compared with the current machines, the unit
shows such outstanding advantages: (1) to provide
larger safety operation space for coal miners, (2) to
provide the conditions of the multi-position operation
of anchoring, (3) to make parallel operation of
excavation possible, so improves the efficiency of the
excavation to some degree, (4) to improve the
automation level in roadway excavation. The combined
unit can change the tunneling technology of the fully
mechanized excavation working face and solve the
problem that the tunneling, supporting, anchoring and
other operations cannot be carried out simultaneously,
resulting in improvement of the driving efficiency
while ensuring the safety of the coal miners.

As shown in Fig. 2, the working principle of
Robotized self-moving anchor-supporting unit is as
follows:

Step 1: The whole unit is in the initial state, as
Fig.2 (a).

Step 2: After the tunneling robot excavates for-
ward a support step width, the advance support at the
rear of the supporting robot shrinks to the minimum
size state, clamped on the supporting vehicle, as Fig.2
(b).

Step 3: The supporting vehicle transports the rear
advance support to the newly excavated roadway sec-
tion position and releases it. Meanwhile, the anchoring

robot moves forward and carries out permanent support

Supporting Supporting
robot vechicl

Reprint Belt
conveyour

Anchoring
robot

\ |

Fig.1 Opverall Diagram of the Self-moving Support and Anchoring Unit
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(a) Initial state of the whole unit

(c) Supporting vehicle transports advance support to the right
location and release it. At the same time, anchoring robot
carries out anchoring operation.

(b) Advance support shrinks and is clamped on the
supporting vehicle

(d) The released advance support extends, lifts and supports the

roadway roof to realize the temporary support of the roadway

(e) Tunneling robot starts a new round of excavation, and the anchoring robot continues the anchoring and
other permanent support operations

Fig.2 The Operating Principle of Robotized Self-moving Anchor-supporting Unit

in the rear area of the supporting robot, as Fig. 2 (¢).

Step 4: The released advance support extends,
lifts, and supports the roadway roof to realize the
temporary support of the roadway, as Fig.2 (d).

Step 5: The tunneling robot moves forward a cut
depth and starts a new round of excavation. At the same
time, the anchoring robot continues the anchoring and
other permanent support operations in the rear area of
the supporting robot, as Fig.2 (e).

Step 6: Repeats Step 2 to Step 5.

The supporting robot consists of several groups of

advance support. Every advance support is composed

of a retractable top beam, a retaining plate, a support-
ing pillar, and a base, as shown in Fig. 3. The roof beam
of the advance support is composed of the main body
and the telescopic parts. A hydraulic cylinder connects
the main body of the top beam and the auxiliary top
beam; the retaining structure is composed of the re-
taining plate and the retaining jack, hinged with each
other. The supporting column hinges with the retract-
able top beam and the base respectively. The working
flow of each advance support can be summarized as
"pressure relief-pole lowering-shrink (transverse) —

moving forward - stretching-lifting- pressure stabili-



INSTRUMENTATION, Vol. 8, No. 1, March 2021

65

zation ". Permanent support is conducted in the rear
area of supporting robots. Thus, it can keep workers
away from dangerous areas such as roadway
cross-section to ensure their safety; on the other hand,
excavating and supporting operations can be carried
out concurrently to alleviate the contradiction between
excavation and support and improve excavation effi-

ciency.

(a) Front View

(b) Side View

Fig.3 Structure Sketch of the Supporting Robot

3 Optimum Supporting Time

Support strength refers to the support force given
to the roof by the support in the unit area. From the
safety point of view, the greater the support strength,
the better it is. However, from the economic point of
view, the support strength should be reduced as much
as possible on the premise of ensuring safety. This is

because the increase of support strength is at the ex-
pense of increasing the amount of support material and
reducing workspace.

Based on the actual working condition of stope
support and a large number of measured data, Zhenqi
S. 22 put forward the concept of effective support
capacity of stope support, analyzed the relevant in-
fluencing factors, studied the relationship between
support strength at weighting time and roof position
(which can be expressed by roof subsidence at any-
where of the controlled roof), and proposed that the
support can work at "given deformation" and "limited
deformation" with the relative to the position of the old
roof. The "rock beam position equation" of support
working under the "limited deformation" condition is
established, and the specific method of establishing the
position equation in the production site is given. In
addition, the design criteria of roof control and the
corresponding mechanical guarantee conditions are put
forward based on the statistical analysis of major roof
accidents and the practical experience of effective
control, which provides a basis for rational selection of
stope support forms and determination of support
density %29,

The strength of support under the condition of
"given deformation” is:

Mz2Yz2
N .

where, m_ . m,, isthe height of the first layer and the

q; =m; ¥, +

second layer of the direct top, respectively, m; y, -
7, 1s the bulk density of the first layer and the second

layer of the direct top, respectively, kg/(m® . S?).
The equation of position state of the support under
the condition of "limited deformation" is:

Ahy

P.-=A+K 2
T A (2

Where, Py is the support strength required in the nor-
mal propulsive stage of the working face, kN/m?; 4 is
the support strength of the direct roof, kN/m?; Ak, is
the maximum roof subsidence at the rear of the con-
trolled roof, m; /\h; is the roof subsidence, m; K is the

position constant, determined by the parameters of the
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rock beam and the roof control distance, and is:
K = MgyeC 3)
KrLg

Here, Mg is the thickness of the basic roof; m is
the thickness of the basic roof, m; y yis the bulk den-
sity of the basic roof, kN/m’; C is the periodic
weighting step, m; Kr is the distribution coefficient of
rock weight, the simple distribution coefficient be-
tween each mineral and melt in the rock is obtained by
the weighted average of the content of each mineral in
the rock; Ly is the controlled roof distance, m.

It can be seen from formula (1) ~ (3) that when the
support works in the "limited deformation” state, the
roof pressure is greater than that under the "given de-
formation" state, and it is directly related to the roof
position that needs to be controlled, that is, the higher
the roof position that needs to be controlled (A#; is
smaller), the greater the support strength needed;
Whereas, the lower the roof position that needs to be
controlled (Ah; is larger), the smaller the support
strength is. When Ah; =Ah,, it is the "given defor-
mation" state.

The equation of state shows that there is a me-
chanical equilibrium relationship between the working
resistance of the support and the position of the basic
roof rock beam to achieve equilibrium when the sup-
port works under the "limited deformation" state.

The research shows that with the roof subsidence,
the gravity of overlying strata will be loaded on both
sides of the coal body, and then a "stress arch" con-
sisting of the peak abutment pressure of each stratum
outside the "fracture arch" will be formed. The scope of
the "stress arch" will continue to expand upward in a
parabolic shape in the vertical plane of mining strike
and inclination, and the strata within “stress arch” are

271 which will bear and

the main supporting body
transmit the overlying strata load. It can be inferred
that the roof pressure applied on the support is not a
constant value, but changes continuously with the roof
sinking (before breaking), that is, there may be a
minimum value.

On the premise of ensuring safety, the support

strength should be reduced as much as possible. With

the increase of mining depth, crustal stress will in-
crease continuously, so that the support strength of
support will be difficult to meet the requirement of
"limited deformation". The support of fully mecha-
nized excavation roadway will evolve into the working
state of coexistence of "given deformation" (yielding
support) and "limited support". Before the roof subsi-
dence reaches Ahy,, the roadway surrounding rock
has entered a stable equilibrium state because of its
self-supporting ability, that is, there may be an opti-
mum supporting time, which not only ensures the
continuity of the roof surrounding rock and roadway
space, but also minimizes the support intensity re-
quired by the roadway support, to reduce the support
cost.

4 Numerical Simulation and Analysis

Based on the geological conditions of QISHAN
Mine, the corresponding mechanical coupled numeri-
cal model of surrounding rock and support is estab-
lished, and the advanced support scheme is studied by
numerical simulation.

According to the results of geological drilling *,
Table 1 gives the occurrence of coal seam and its
physical and mechanical parameters in QISHAN Coal
Mine. Based on the Mohr-Coulomb yield criterion with
tension cut-off, a coalfield geological model is estab-
lished, which is 36 m long, 25 m wide and 46.6 m high.
The roadway cross section is a rectangle with 5.0 m
wide and 3.6 m high. It is meshed into 264584 grid
units. According to the research in the reference™, the
calculation error of the model is less than 10%, which
meets the engineering requirements. The load applied
on the upper boundary is calculated with the mining
depth of 1030m, and the vertical movement of the
lower boundary is restricted vertically. According to
the measured results, the vertical crustal stress is 27.1
MPa and the two horizontal crustal stress is 40.5 MPa,
and the lateral coefficients is 1.49.

The supporting robot consists of seven groups of
advance support, each of which is 5 m of long, 1.6 m
wide, and 3.6 m high. The top beam and the lateral
plate of the support is 0.5m thick. The material of
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Table 1 Geological Conditions and Mechanical Parameters in QISHAN Coal Mine

Layer Density ~ Thickness D.eep Bulk Shear Cohesion In'Ferpal Strength of

No. name I(k /m’) m Tired Modulus Modulus /MPa Friction Extension
5 /m /GPa /GPa angle /° /MPa
1 Sandstone 2650 24.0 1078.6 6 3.6 3.00 35 2.47
2 Sand 2000 4.0 1036 5 3.0 2.00 33 1.78

Mudstone

3 Coal 1650 3.6 1054.6 3 2.0 0.08 18 0.5
4 Mudstone 2550 15.0 1051 5 2.3 1.20 28 0.8

advance support is Q235 steel. According to the F, + mg = 2F, 4

structure shown in Fig. 3, we establish the supporting
robot’s Flac3D model, as shown in Fig.4.

e A D A i o e e
i P R A ol Al i e
Pl il

=

=
""”"”””""”

Fig.4 Flac3D Model of the Supporting Robot

Based on the above description, the numerical
simulation model and the extent of surrounding
rock-advance support in QISHAN Mine is established,
as shown in Fig.5.

Assumptions: 1) the roof, floor and two sides of
the roadway are loaded uniformly; 2) the roof of the
support is in good contact with the roof of the roadway;
3) the support base is in face contact with the floor of
the roadway, and the contact is good.

Fig.6 shows the force model of the advance
support, where H is the height of support, L is the width
of support, F is the pressure of roadway roof to sup-
port, F, is the support pressure of roadway floor to
support, Fj is the pressure of two sides of the roadway
to support, F, is the pressure of support cylinder, Fs is
the pressure of support pillar, mg is the weight of
support. Then the vertical force of advance support in
balance status is:

The vertical force on the top beam of the support

is:
Z F = 2F,cosa + 2F; 5)
Where, o is the angle between the lateral plate and
the top beam. According to the structure of advance
support, a=30°. The strong coupling between support
and surrounding rock is the foundation of the stability
of the support-surrounding rock system. The force of
the leading support on the top of the support and the
load of the overlying strata on the top of the support is a
pair of interaction forces. The pressure F; of the

roadway roof to support can be calculated by the fol-

lowing formula.

Fl(x,y) = ”Aq(x,y)dxdy

Q)

46.6 m

Fig.5 Mechanical Coupling Model of Roadway Sur-

rounding Rock-advance Support
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Fig.6 Mechanical Model Diagram of the Advance Support in Roadway

Where, ¢ (x, y) is the distribution function of the load of
overlying strata to the support, N/m’.

Using FLAC3D, the deformation of surrounding
rock and the pressure on the top and bilateral of ad-
vance support are analyzed and calculated every 2 mm
in the range of 0-20 mm of the roof free subsidence
amount before supporting (namely reserved roof sub-
sidence amount, when the roof subsides to the reserved
amount, the advance support will support the roadway
roof to prevent the roof from the further subsiding).
The roof pressure, the horizontal and vertical pressure
on advance support, the roof subsidence, and floor
heave are obtained when it balances. The computa-
tional results are shown in Table 2. Fig. 7 shows the
roadway surrounding rock deformation and the roof
pressure at different reserved roof subsidence when
being stable. Fig. 8 presents the pressure curves of
every part of the advance support at different reserved
roof subsidence when being stable. It can be seen that
the surrounding rock of the roadway will reach a stable
level under the support of the advance support, and the
roof pressure will decrease first and then increase with
the increase of the reserved roof subsidence. This
shows that due to the self-supporting force of roadway
surrounding rock, with the subsidence of roadway roof,
the roadway roof pressure has been released to a cer-
tain extent. However, with the further subsidence, the

self-supporting stability of roadway roof is destroyed,

and the roof pressure does not drop but rises. At this
time, if the support is not timely, the roof will collapse,
that is, roof fall accident. From Fig. 8, we can see that
with the increase of the reserved roof subsidence, the
vertical pressure onto the support top beam decreases
from 3MPa to 0.58MPa, which decreases by 2.42MPa
or 80.67%, and the horizontal pressure decreases from
40MPa to 20MPa, which decreases 20MPa or 50%; the
vertical pressure of the support column pillar sharply
decreases from 90MPa to 20MPa, reducing 70MPa or
77.78%, and the horizontal pressure decreases from
60MPa to 20MPa, decreasing by 40% MPa or 66.67%.
This is beneficial to reduce the support strength and
increase the stability of the support.

To sum up, with the increase of reserved roof
subsidence (active yielding pressure of advance sup-
port), the roof subsidence and floor heave of Roadway
when balance after supporting show an increasing
trend, and eventually tend to be stable, the roof pres-
sure of the roadway shows a trend of decreasing first
and then increasing. When the reserved roof subsi-
dence is about 8-15 mm, the roof pressure on the ad-
vance support is smaller (only 0.58 MPa at 10 mm),
and the change of roof subsidence and floor heave is
not obvious compared with other subsidence, which is
the best support window interval, that is, the optimum
supporting time (The range between the two vertical
dashed lines in Fig.7).
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Table 2 Deformation of Roadway and Pressure on Advance Support after Balance under Different Supporting Time

Yielding Roof Sub-  Roof Pres- Pressure on the Advance Support /MPa Roof Subsidence  Floor Heave
sidence /mm sure /MPa top_z pillar z top_x pillar_x /mm /mm
0 3.00 3.00 90.00 40 60 8.00 31.00
2.00 2.13 2.13 20 25 25 26.43 45.00
4.00 2.00 2.00 20 25 25 32.18 40.00
5.00 1.30 1.30 20 20 25 26.00 48.00
6.00 0.93 0.93 20 20 25 32.70 40.00
8.00 1.00 1.00 20 25 25 26.44 45.00
10.00 0.58 0.58 20 25 25 26.44 45.00
12.00 0.80 0.80 20 25 25 26.45 45.00
14.00 1.25 1.25 20 25 25 32.59 50.00
15.00 1.00 1.00 20 25 25 26.40 48.06
16.00 1.54 1.54 20 25 25 26.40 45.00
18.00 2.00 2.00 20 25 20 26.50 45.00
20.00 1.94 1.94 20 25 20 26.00 45.00
s :
£ :
AR el
Lg 20+ \ | : | / 115 %
A supporting s e
o / N |/ 3
15F ~ | time /1/ 7
10/ \\L\;// | 11
5k I | 4
floor heave roof subsidence roof pressure
0 A 1 1 L L A ' A 0.5
0 4 6 8 10 12 14 16 18 20

Reserved subsidence amount of the roadway roof/mm

Fig.7 The Curve of Roadway Surrounding Rock Deformation and Roof Pressure with Different

Pressure on the advance support/MPa

Reserved Roof Subsidence Amount

‘z-direction on ,top beam
z-direction on pillar

x-direction on top beam
roof pressure

4 6 8 10 12 14 16 18

Reserved subsidence amount of the roadway roof/mm

20

Roof pressure/MPa

0.5

Fig.8 The Pressure Curve of Roadway Roof and Advance Support with Different Reserved Roof Subsidence Amount
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Fig.9 shows the deformation and displacement
nephogram of roadway surrounding rock and stress
nephogram of advance support after being stable when
the reserved roof subsidence is 10 mm. At this time, the
maximum of roof subsidence, floor heave, and the
pressure on the top of advance support are 26.1 mm, 30
mm, and 0.58 MPa, respectively. The deformation of
roadway surrounding rock and the stress of support are
both within the allowable and acceptable range, which
can guarantee the safe supporting of the roadway.

FLAC3D 3.00

Step 9973 Model Perspective
10:20:30 Thu Jan 10 2019

Center:
X: 3553015
Y: 180064001
2:2603+000
Dist: 156364002

Plane Origin

Interval = 1.0-002

Hasca Consuing Group,Inc.
Minneapois, MN USA

(a) Roadway Surrounding Rock Displacement Nephogram

FLAC3D 3.00
9973 Model Perspecive
1155811 Thu Jan 10 2019
Center: Rotation:
X-2200008 X 2500

Dist: 1563¢+002  Mag: 745
Ang

Contour of SZZ Q ’

Magfac = 0.000e+
Gradient Calculation

2.0000e+007 0 3,0000e+007
300004007 o 3.3548+007
Interval = 1084007 \; é

Hasca Consuling Group, Ic.
Minneapols, MN USA

(b) Advance Support Top Stress Nephogram

Fig.9 Roadway Surrounding Rock Deformation and
Load on Advance Support When the Yielding Roof
Subsidence Amount Is 10 mm

5 Determination of Optimum Supporting

Time

Therefore, with the subsidence of the roadway
roof, there is an optimum supporting time during the
support in a fully mechanized excavation roadway,

because the surrounding rock of the roadway has a

certain self-bearing capacity. When the supporting is
completed at the optimum supporting time, after bal-
ance, the deformation of surrounding rock is smaller,
the pressure load of surrounding rock to support is
smaller, and the roof subsidence is smaller than those at
other times Y. Therefore, we should make full use of
the self-bearing capacity and self-stability of sur-
rounding rock during roadway excavation and support.
The surrounding rock should be allowed to deform
within the safe range on the premise of maintaining
continuity, thus to reduce the support strength of the
advance support and to reduce the cost of manual
support. It is conducive to the safe and efficient support
of deep fully mechanized roadway and lightweight,
low-cost advance support design.

Based on the above research, the method to de-
termine the optimum supporting time of advance
supporting in a fully mechanized roadway is obtained,
as shown in Fig.10.

Investigate the geological conditions of a mine

;

Obtain the relevant geological parameters such as coal seam

occurrence

}

Design of support scheme and basic structure of advance
support

'

Establish mechanical coupling model of roadway
surrounding rock and advance support

|

Numerical analysis of surrounding rock deformation and

advance support stress at different supporting time

!

Obtain the optimum supporting time adapted to the

geological conditions of this coalmine based on the minimum
of deformation of roadway subsidence and the pressure on

the advance support top

.

Calculate the stress of the support at the optimum supporting

time to provide a basis for the detailed design of the support
structure.

Fig.10 Determination Method and Process of
Optimum Supporting Time
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6 Conclusion

(1) Based on the designed Robotized self-moving
anchor-supporting unit, the advance support scheme
of fully mechanized excavation roadway is put
forward, which has the advantages of multi-station
cooperative operation, support-anchor coordination,
and fast forward movement of supports and flexible
self-movement of drilling anchor mechanism.

(2) The mechanical coupling model of surround-
ing rock and advance support is established. Taking the
geological conditions of QISHAN coalmine as an
example, the deformation and stress of surrounding
rock in different supporting times were studied by
using numerical simulation software FLAC3D. The
results show that when the roadway roof subsidence is
8-15mm, the surrounding rock has a strong
self-supporting capacity, and the roof pressure borne
by the advance support is the smallest, about 0.58Mpa,
which is conducive to the safe and effective support of
deep fully mechanized roadway and the design of ad-
vance support. That is the optimum supporting time of
the QISHAN coalmine roadway.

(3) This paper reveals the law between the de-
formation of surrounding rock and supporting time,
and puts forward a method to determine the optimal
supporting time by using the mechanical coupling
model of surrounding rock and advance support. This
provides a way to make full use of the self-supporting
capacity of the surrounding rock, reduce the deforma-
tion of the surrounding rock, reduce the cost of road-
way support, and improve the efficiency and safety of

roadway support.

References

[1] Guanghui X., Jijie CH. and Jian G. (2017). Surrounding
rock pressure of deep roadway and influences on ad-
vance support. In: Third Annual International Confe-
rence on Computer Science and Mechanical Automation.
Lancaster: DEStech Transactions on Computer Science

and Engineering, pp. 368-374.

[10]

(1]

Guanghui X., Jian G. and Jijie CH. (2018). Design of
advance support for deep fully —mechanized heading
roadway and its support performance analysis. Coal
Science and Technology, 46(12), pp. 15-20.

Guanghui X., Jijie CH. and Jian G. (2018). The method
for determining working resistance of advance support
bracket in deep fully mechanized roadway based on
FLAC3D. Advances in mechanical Engineering, 10(6),
pp- 1-10.

Yong H., Yinan G. and Dunwei G. (2019). Asynchronous
active disturbance rejection balance control for hydraulic
support platforms. Control Theory and Applications,
36(1), pp. 151-163.

Guanghui X., Jian G. and Jingxuan CH. (2019). Adaptive
control of advance bracket support force in fully me-
chanized roadway based on neural network PID. Journal
of China Coal Society, 44(11), pp. 3596-3603.

Lijun L., Huimeng ZH. and Miao X. (2017). Research on
speed and pressure control strategy of stable switch about
forepoling equipment. Journal of Mechanical Strength,
39(04), pp. 747-753.

Jinnan L., Miao X. and Jun M. (2017). Control method
for frame down process of stepping-type advanced sup-
porting equipment. Journal of Liaoning Technical Uni-
versity (Natural Science), 36(7), pp. 745-749.

Liang Y., Junhua X. and Quansheng L. (2011). Sur-
rounding rock stability control theory and support tech-
nique in deep rock roadway for coal mine. Journal of
Chinese Coal Society, 36(04), pp. 535-543.

Qingxiang H. and Yuwei L. (2014). Ultimate self-stable
arch theory in roadway support. Journal of Mining &
Safety Engineering, 31(03), pp. 354-358.

Hongpu K. (2016). Sixty years development and pros-
pects of rock bolting technology for underground coal
mine roadways in China. Journal of China University of
Mining and Technology, 45(06), pp. 1071-1081.

Liang G., Juncai L. and Zhicheng Zh. (2011). Research
on surrounding rock loose zone of tunnel under un-
symmetrical loading with ground penetration. Chinese
Journal of Rock Mechanics and Engineering, 30 (S1), pp.
3009-3015.



72

LI Sanxi et al: Research on Robotized Advance Support and Supporting Time for Deep Fully
Mechanized Excavation Roadway

[12]

[13]

[14]

[15]

[16]

[19]

[21]

Zhiyong H., Baiquan L. and Yabin C. (2012). Estab-
lishment and application of drilling sealing model in the
spherical grouting mode based on the loosing-circle
theory. International Journal of Mining Science and
Technology, 22(6), pp. 882-885.

Wanpeng H., Yanfa G. and Zhijie W. (2015). Technology
of gob-side entry retaining using concrete-filled steel
tubular column as roadside support. Journal of China
University of Mining and Technology, 44(04), pp.
604-611.

Xiangyong Z. and Anfu D. (2007). Finite element anal-
ysis of rock cutting slope reinforced by combined action
of prestressed anchor cable and anchor bolt. Rock and
Soil Mechanics, 28(4), pp. 790-794.

Shuangsuo Y. and Baisheng ZH. (2003). The influence of
bolt action force to the mechanical property of rocks.
Rock and Soil Mechanics, 24(S2), pp. 279-282.

Wang Q., Jiang B. and Pan R. (2018). Failure mechanism
of surrounding rock with high stress and confined con-
crete support system. International Journal of Rock
Mechanics and Mining Sciences, 102, pp. 89-100.

Kai S., Yanjun ZH. and Hegao W. (2019). Evolution of
surrounding rock safety factor and support installation
time during tunnel excavation. Yanshilixue Yu Gong-
cheng Xuebao/Chinese Journal of Rock Mechanics and
Engineering, 38, pp. 2964-2975.

Jimeng F., Congwen Y. and Lun Y. (2019). Evaluation of
installation timing of initial ground support for
large-span tunnel in hard rock. Tunnelling and Under-
ground Space Technology, 93.

Jianhai ZH., Renkun W. and Zhong ZH. (2017). Opti-
mum support time of brittle underground cavern based
on time-dependent deformation. Chinese Journal of
Geotechnical Engineering, 39(10), pp. 1908-1914.
Ryota Hashimoto, Yuzo Ohnishi, Takeshi Sasaki and
Sigeru Miki. (2019). Stability analysis of underground
space with discontinuous planes using a four-node
iso-parametric element numerical manifold method with
rigid body rotation. Tunnelling and Underground Space
Technology, 92, 103047.

Jianjun M., Peijie Y. and Linchong H. (2019). The ap-

[22]

[24]

[25]

[26]

[30]

plication of distinct lattice spring model to zonal disin-
tegration within deep rock masses. Tunnelling and Un-
derground Space Technology, 90(8), pp. 144-161.
Zhenqi S. (1988). Practical mine pressure control. Bei-
jing: China University of Mining and Technology Press,
pp. 200-225.

Zhijie W., Jianquan T. and Hongbiao W. (2011). Study on
mechanical model and hydraulic support working state in
mining stope with large mining height. Journal of China
Coal Society, 36(S1), pp. 42-46.

Zhijie W., Yujing J. and Zhenyu S. (2011). Study on
mechanical model and surrounding rockcatastrophe
system of Gob-side retaining entry. Journal of Hunan
University of Science and Technology (Natural Science
Edition), 26(03), pp. 12-16.

Shiliang W., Sili L. and Jinwan T. (2016). study on roof
structure model and support-surrounding relationship at
fully-mechanized coal mining face. Journal of Shandong
University of Science and Technology (Natural Science
Edition), 35(4), pp. 44-51.

Shiliang W. and Sili L. (2016). Study on Hydraulic
Support Working State in Fully Mechanized Mining
Stope. Safety in Coal Mines, 47(06), pp. 52-54+58.
Peiju Y. and Changyou L. (2012). Basic roof structure
and reasonable supporting parameters of fully mecha-
nized caving face. Journal of Mining and Safety Engi-
neering, 29(01), pp. 26-32.

Bo W., Yanfa G. and Wei Zh. (2015). Geostress mea-
surement at deep position of QISHAN mine and distri-
bution law of geostress field. Journal of North China
Institute of Science and Technology, 12(02), pp. 37-42.
Su K, Zhang Y J and Chang Z H. (2019). Transverse
extent of numerical model for deep buried tunnel exca-
vation. Tunnelling and Underground Space Technology,
84, pp. 373-380.

Fuxing J., Yongming Y. and Quanjie Zh. (2014). Rela-
tionship between support and surrounding rock of fully
mechanized caving face in thick coal seam of kilometer
deep mine based on micro seismic monitoring technol-
ogy. Journal of Mining and Safety Engineering, 31(2), pp.
167-174.



INSTRUMENTATION, Vol. 8, No. 1, March 2021

73

Author Biographies

LI Sanxi, received his B.Sc. degree from
Taiyuan University of Technology (now
Taiyuan University of Technology). Now
he is a senior lecturer in Beijing Railway

Electrification School, His main research

interests include coal automation and
intelligence, research and development of electronic prod-

ucts.

QIAO Hongbing, received his Ph.D.
degree from China University of Mining
and Technology — Beijing in 2006. He has
been engaged in teaching and scientific

research of mechanical design and theory,

mechanical and electronic engineering

Copyright: © 2021 by the authors.

and other disciplines for a long time. His main research
interests include mechatronics, mechatronics engineering,

etc.

XUE Guanghui, received his Ph.D. degree
from China University of Mining and
Technology — Beijing in 2010. Now he is

currently an associated professor and ba-

chelor supervision in CUMTB. His main
research interests include coal robotic, automation and intel-
ligence for coal machinery, condition monitoring and fault

diagnosis for equipment and wireless sensor network.

Fund, National Key Basic Research and Development Pro-
gram Fund project (Grant No. 2014CB046306), the Central
University Funding Project for Basic Scientific Research

Operations (Grant No. 2009QJ16).

This article is licensed under a Creative

Commons  Attribution 4.0 International License (CC BY) license

(https://creativecommons.org/licenses/by/4.0/).



