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In order to study the effects of stress change and adaptability of the overrun hydraulic
stent under impact load, the rigid–flexible coupling numerical model of the stent is
established usingmulti-body dynamics simulation software ADAMS. In themodel, the
stent is flexibilized using the HyperMesh module, and the column and jack are
equivalently replaced with a spring damping system. By applying impact loads to
different positions above the front roof beam of the stent, the dynamic response
characteristics of the column and the articulation point are obtained at different
positions with different strengths. The results show that when the impact load is
applied to different positions of the front roof beam, the steady-state response force
of the column shows an overall “M" distribution, and along the length direction of the
roof beam, the steady-state response force of the column shows an upward trend,
and themaximum steady-state response force of the column is 547 kN at point (1, 6);
when the impact load is applied to both sides of the front roof beam, the response at
the articulation point is greater, resulting in a higher maximum simple harmonic
response at that articulation point. When the impact load acts on both sides of the
front roof beam, the response of the articulation point is greater, with a maximum
simple harmonic response coefficient of 0.75 and a maximum excitation response
coefficient of 0.28; when the impact loads of different strengths act on the whole
front roof beam, the force acting on the column and pin shaft at the articulation point
will produce a large impact, reducing its adaptability. To address this, we can consider
changing the top plate stress conditions usingmethods like high-pressure injection of
water and control the gradual and slow release of the top plate stresses. The results of
the study provide a reference for the structural strength design and reliability analysis
of the hydraulic support, which is of practical significance and value for improving the
safe mining of the coal mining face.
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1 Introduction

Coal is an important basic energy source and industrial raw material in China. With the
development of society, the amount of coal mining is increasing, and discovering efficient
and safe ways to mine the coal resources has become the focus of attention (Zhang et al.,
2017; Kang et al., 2018; Juganda et al., 2020). In the mining process, hydraulic support is one
of the key underground support equipment, and the bearing capacity of the support provides
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a safe working environment for the working face (Verma and Deb,
2013; Xu et al., 2015; Wang et al., 2017; Meng et al., 2021). The
underground environment is complicated and changeable, the roof
pressure is strong, the strength of the roof plate surrounding the rock
in the coal mining roadway is relatively low, and the rock body is
relatively loose, which is extremely unfavorable to the maintenance
of the roadway. Due to the continuous increase in the depth and
intensity of coal mining, various accidents, such as roofing,
deformation of the surrounding rock, and destruction of the
support, occur from time to time, especially in dangerous
working conditions such as cyclic pressure or impact ground
pressure, which will pose a greater safety hazard to the
underground equipment. In recent years, accidents involving the
fracture of support columns caused by impact ground pressure have
occurred frequently (Bao, 2020; Long et al., 2018; Pan et al., 2020;
Rajwa et al., 2019). Therefore, many scholars have carried out in-
depth research on the load-bearing performance of hydraulic
support.

Xie et al. (2020) studied the distribution law of bottom plate
pressure under different impact conditions of deep well mining
filling hydraulic support and found that the bottom plate pressure
was in the “V” distribution of front-end subsidence, middle
indentation, and back-end warping. Li and Xu (2018) discretized
the super-static rock beam into a static single-span beam, analyzed
the effects of different parameters such as the stiffness of the overrun
bracket, the height of the roadway, and the density of the support on
the roadway roof settlement, and strengthened the adaptability of
the overrun support system. Szurgacz and Brodny (2019a), Szurgacz
and Brodny (2019b), and Szurgacz and Brodny (2020) recorded the
state of the column of the hydraulic support in real time, investigated
the response characteristics of the column under the impact load,
and studied the response characteristics of the column under the
impact load based on the method of the roadway section shape test,
which was used to study the distribution of specific pressure in the
roadway section under the impact load. Test method: the influence
of the shape of the roadway section on the hydraulic support was
investigated, and the section geometry under actual working
conditions was analyzed. The results showed that the
deformation of the roadway section may lead to an uneven
distribution of the hydraulic support loads. Szurgacz (2022)
conducted a dynamic load test on a hydraulic support for
longwall mining, which confirmed the possibility of applying the
test valve to the developed hydraulic support column control system.
Zeng et al. (2022) established a dynamic model of the hydraulic
bracket and analyzed the impact response of the top beam and each
hinge point. Meanwhile, based on the fluid–solid coupling theory, a
bidirectional fluid–solid coupling model of the column was
established, and the structural changes of the column and the
characteristics of the flow field in the cylinder under the impact
load were analyzed. The results showed that the hinges of the front
column were more prone to impact damage, and the vortex
phenomenon was more prone to both sides of the bottom of the
cylinder.

To summarize, impact condition is a common working
condition in coal mining, and many scholars have also carried
out a lot of research on hydraulic support under impact
condition, but mainly on the hydraulic support in the mining
area. There is a big difference in the structure of different types of

hydraulic support, so there is also a big difference in the response
to the impact load. The over-advanced hydraulic support studied
in this paper is mainly used in the field of coal mine back-mining
roadways, which have a large roof control area compared with
ordinary support and can realize the effective support of the roof
and reduce the deformation of the coal mining roadway. At the
same time, the overrun hydraulic support has strong adaptability,
which can well adapt to the changes in the surrounding rock
pressure in the working face and achieve a better support effect
(Ralston et al., 2014; Prusek et al., 2016; Wan et al., 2017; Reng
et al., 2018). Based on the previous research, in order to more
accurately obtain the dynamic response characteristics of the
overrun hydraulic support under the action of an impact load, a
multi-body dynamic model of the overrun hydraulic support is
established, and the action of the basic top fracture on the top
beam of the support is equated to the impact load. The model is
used to analyze the response characteristics of columns and
articulation points at different locations and strengths, which
provides a reference for the structural design of overrun
hydraulic support.

2 Numerical modeling of overrun
hydraulic support based on ADAMS

2.1 Rigid–flexible coupling modeling of
overrunning hydraulic support

In this paper, a ZH4700/22/30D sliding overrun hydraulic
support is taken as the research object. The support is a single
telescopic column, the maximum height is 3 m, the initial bracing
force is 3880 kN, and the working resistance is 4700 kN. The
hydraulic support model is shown in Figure 1. The established 3D
model is saved into .X_T format and imported into ADAMS, the
stent material is defined as structural steel, the density is
7,850 kg/m3, Young’s modulus is 2.1 × 105MPa, and Poisson’s
ratio is 0.3. In order to ensure the accuracy of the model, the stent
column of the stent in the model adopts the spring damping
system instead of the stent. The stent top beam is set as a collision
contact with the top plate, and the base and the earth are fixed. In
order to ensure the accuracy of the model, the column of the
support is replaced by the spring damping system, and the
collision contact between the top beam and the top plate of
the support, the fixed contact between the base and the earth, the
rotating vice between the front top beam and the rear top beam,
the rotating vice between the top beam and the joist, and the ball
vice between the joist and the column are all modified. The base is
regarded as a rigid body, and the top beam and the joist are
treated with flexibility using HyperMesh pre-processing
software. Node names are assigned, and the output file “ mnf”
is generated to set up the rigid–flexible coupling model.

2.2 Static load test

Before impact simulation of the stent, the active external load of
the stent should be determined first, and the active external load is
used to simulate the stable working condition of the stent. The actual
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working resistance of the stent in the underground usually lies
between the initial support force and the maximum working
resistance; the working resistance of the stent under a certain
working condition is selected to be 3,900 kN, and the stent is
analyzed. The active external load is applied to the upper surface
of the top beam of the stent in a vertical, downward direction. The
results are observed, and the contact force between the stent column
and the top beam is measured. The steady-state response force
between the articulation points of the front–rear top beams and the
articulation points between column 1 and front–rear top beam
2 were selected as the research object, and the obtained curves
are shown in Figures 2, 3.

From the figure, it can be seen that under the active external
load, the hydraulic stent produces different degrees of vibration and
tends to stabilize after 1.5 s. After stabilization, the force on the
column is approximately 490 kN, and the force at the articulation
point of the front and rear roof beams is approximately 168 kN.
From the whole loading results, the force response of the stent is
close to that of the actual working conditions, and the static load
simulation test is good.

3 Impact load establishment

Under the premise that the stent is in stable working condition,
in order to accurately analyze the stress condition of the stent when
the impact load is applied to the front roof beam, 35 points are taken
at equal spacing. The length of the front roof beam is 3,510 mm, the
distance between the two points in the Y-direction is 439 mm, the
overall width of the stent is 2,800 mm, and the distance between the
two points in the X-direction is 525 mm, and 35 points of the impact
load are taken uniformly, as shown in Figure 4. According to the
coordinate system shown in the figure, the impact load acting points
are specified in the X-axis direction, where the load position is
defined as (−2, Y) to (2, Y), comprising a total of five groups; in the
Y-axis direction, the load position is defined as (X, 1) to (X, 6),
comprising a total of seven groups. To facilitate the comparative
analysis and taking into account that excessively high impact loads
will cause the hydraulic oil in the column cylinder to overflow, thus
causing the stent to destabilize during operation, the impact load size
is selected to be uniformly 500 kN, and the size of the impact load is
determined using the function STEP (time, 2, 0, 2. 02, 500,000).

FIGURE 1
Model of ahead hydraulic support.

FIGURE 2
Stable working condition of column 1.

FIGURE 3
Stable working condition of the articulation point of front–rear
roof beam 2.
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4 Analysis of the bearing response of a
hydraulic support under impact loading

4.1 Column response analysis

In the working process of the stent, the pressure from the roof
plate is first borne directly by the roof beam and then transferred
to the column, which is the main bearing part of the hydraulic
stent. It is of great significance to analyze the bearing response of
the column.

Figure 5 shows the steady-state response force of column 1 when
the impact load is applied to the top beam. As can be seen from the
figure, when the front roof beam of the support is subjected to
impact load at different locations, the steady-state response force of
column 1 shows an “M”-type distribution. When the impact load
moves along the positive direction of the X-axis, i.e., the impact load
acts at the points (−1, Y) and (1, Y), the force change in column 1 is
more obvious. At coordinates (−2, Y), (0, Y), and (2, Y), the response
force of the column is basically the same as the steady-state response
force under static load. From the direction of the length of the top
beam, the steady-state response force of the column shows an
increasing trend, and the steady-state response force of the
column is the largest at the point (1, 6), which is about 547 kN.

4.2 Response analysis of anterior–posterior
roof beam articulation points

Figure 6 shows the impact response coefficient at the articulation
point of front–rear roof beam 2. From the figure, it can be seen that
the impact response coefficient of the articulation point of
front–rear roof beam 2 is the largest when the impact load is
applied to (−1, Y) and when Y is 0, which is approximately 0.75;
the impact response coefficient of the articulation point of
front–rear roof beam 2 is the largest when the impact load is
applied to (1, Y) and when Y is 6, which is approximately 0.70;
the impact response coefficient of the articulation point of
front–rear roof beam 2 is close to zero when the impact load is
applied to the points (−2, Y), (0, Y), and (2, Y), and when Y is
changed from 0 to 6, the impact response coefficient is close to 0,
indicating that at this time, the impact load has less effect on the
force at the articulation point of front–rear roof beam 2.

Figure 7 shows the excitation response coefficient of the
articulation point of front–rear roof beam 2. From the figure, it
can be seen that when the impact load acts at the point (−1, Y), the

FIGURE 4
Impact load application position.

FIGURE 5
Steady-state response force of column 1.

FIGURE 6
Impact response coefficients at the articulation point of
front–rear roof beam 2.
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excitation response coefficient along the length direction of the roof
beam decreases from 0.22 to 0.1, and when the impact load acts at
the point (1, Y), along the length direction of the roof beam, the
excitation response coefficient rises from 0.1 to 0.28. From the
analysis, it can be seen that when the impact load acts at front
roof beam 2, the force fluctuation of the articulation point there is
larger and more sensitive, and the pin is more prone to damage.
At the front end, the force fluctuation at the articulation point is
more significant and sensitive, and the pin is more likely to be
damaged.

5 Simulation analysis under different
impact strengths

Generally speaking, the step and intensity of the top plate of the
return mining roadway coming under pressure will be different in
different areas, i.e., the brace may be subjected to impact loads of
different intensities at each stage. Therefore, it is necessary to carry
out an in-depth study on the impact loads of different intensities on
the front roof beam of the stent. Combined with the aforementioned
simulation model, the load-acting position is simplified, as shown in
Figure 8.

The size of the impact load is set as a single variable using the
STEP function to apply the impact load to the upper surface of the
front roof beam at 15 locations. The impact load of the impact
velocity and other factors remain unchanged, the size of the impact
load is set to 500, 750, and 1,000 kN, the impact load is applied to the
time of 0.05 s, and the hinged point of column 1 and front–rear roof
beam 2 is still taken as a research object.

Figure 9 shows the steady-state response change curve of
column 1 under different impact loads. The steady-state response
force of column 1 under active external load is 490 kN, and the
comparative analysis shows that with the impact load location
moving from points 4 to 6, the change in impact load size has a
significant effect on the response force of the column, and in the
vicinity of the 6 point location, the impact loads are 500, 750, and
1,000 kN. The corresponding steady-state response force of the
column is approximately 547, 586, and 640 kN, the maximum
difference of which is 93 kN, and the change in the response
force of the column at other positions is relatively small.
Therefore, the increase in the impact load will lead to the
column pressure or tension situation, especially when the impact
load acting on the front end of the front roof beam position is too
large, which will cause the column to bear a rapid increase in the
load, resulting in overflow or damage to the hydraulic column.

FIGURE 7
Excitation response coefficients at the articulation point of
front–rear roof beam 2.

FIGURE 8
Simplified distribution of load action points.

FIGURE 9
Steady-state response force of column 1 under different impact
loads.
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From Figure 10, it can be seen that when the impact load is
applied near point 4, the load is increased from 500 to 1,000 kN.
The impact response coefficient is increased from 0.812 to 1.18;
i.e., the change in the size of the impact load at this position has a
greater impact on the articulation point force. The position of the
action is from points 10 to 12, and with the increase of the impact
load, the response coefficient increases slowly at first and then
increases drastically. From Figure 11, it can be seen that from
points 4 to 6, with the increase in the size of the impact load, the
excitation response coefficient steadily increases, reaching a
maximum value of 0.37 near the position of point 6. However,
from points 10 to 12, although the corresponding excitation

response coefficient increases, there is an overall downward
trend in the process. Therefore, when the impact load is
applied to the front end of front roof beams 2 and 4, the
articulation point force reaches the impact steady-state force
before the large fluctuating change with the increase in the load.

6 Experimental research

In order to ensure the adaptability of the ZH4700/22/30D
sliding overrun hydraulic support under impact load, the KJ-
216 mine pressure monitoring system is adopted to
continuously monitor the working resistance of the sliding
overrun support of a coal mine’s 3402 working face back to
the roadway, and the structure of the monitoring system is
shown in Figure 12.

The total length of the roadway of the working face is 200 m,
which is supported by 26 sliding hydraulic supports. According
to the monitoring needs, three monitoring stations are arranged,
numbered A, B, and C. The location of the monitoring stations is
B in the middle of the roadway and A and C on both sides of the
roadway from 7 to 12 m., The three test lines of the monitoring
stations are installed in the neighboring three sliding supports in
sequence, and the change in different supports in each station is
approximately the same, so only the data of one support in each
station are analyzed. The changes in different brackets measured
by each monitoring station are more or less the same, so only the
data of one bracket in each monitoring station are analyzed, and
the 6# bracket of A station, 13# bracket of B station, and 20#
bracket of C station are randomly selected to retrieve the
monitoring data of the brackets in the past 2 months, and the
distribution map of the bracket’s working resistance shown in
Figures 13–15 is obtained.

From the working resistance distribution diagram of the
sliding type overrun hydraulic support, it can be seen that the
roadway roof pressure varies in a wide range, and the maximum
working resistance of the support is 37.5 MPa, which is smaller
than the maximum working resistance of the support of
38.2 MPa. Through the analysis of the working resistance of
the support in the field, it can be seen that the maximum
working resistance of the designed sliding-type overrun
support can satisfy the requirements of the roadway roof
support for 3402 back to the mine and play a stabilizing role
for the movement of the rock layer overlying the roadway roof in
the process of the support. In the process of support, it plays a
stabilizing effect on the movement of the overlying rock layer on
the roadway roof.

7 Conclusion

By analyzing the dynamic response of the column and
articulation point of the overrunning hydraulic support under
impact load, the following conclusions are drawn:

1) Impact loads acting on different positions of the front roof beam
will have different effects on the maximum stresses in the

FIGURE 10
Impact response coefficients at the articulation point of
front–rear roof beam 2.

FIGURE 11
Excitation response coefficients at the articulation point of
front–rear roof beam 2.
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column, and as a whole, it seems safer to be impacted at the front
end than at the rear end and safer to be impacted in the center
than at the sides.

2) When the impact load acts on both sides of the front roof beam,
the response fluctuation of each articulation point is larger, and
the degree of impact load on the articulation point of the bracket
is significantly higher than that on the column. Therefore, in the
process of optimizing the design of the bracket, it is essential to
meet not only the load-bearing requirements of the column but
also those of the pin.

3) When the top plate pressure increases to a certain value, the overall
impact on the hydraulic bracket column and each articulation of the
pin axis of the force is larger, which will reduce its adaptability to
dynamic loads. Therefore, we can consider changing the top plate
stress conditions through methods such as high-pressure water
injection to control the gradual and slow release of the top plate stress.

4) Through the field test, it can be seen that the average working
resistance of the sliding-type overrun hydraulic support is
37.5 Mpa, which does not exceed the maximum working
resistance of the support. This level of resistance meets the
requirements for supporting the top plate of the roadway and

FIGURE 12
Structure of the monitoring system.

FIGURE 13
Distribution of working resistance of the 6# bracket.

FIGURE 14
Distribution of working resistance of the 13# bracket.

FIGURE 15
Distribution of working resistance of the 20# bracket.
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stabilizes the movement of the rock layer overlying the top plate
of the roadway during the support process.
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