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In the process of coal caving, the basis of identifying coal and rock by the vibration signal is the difference of the tail beam response
when coal-rock impacts the tail beam, and the tail beam in the hydraulic support is a complex box structure with multiplate
transverse and longitudinal welding, and the response difference of the box structure-based tail beam under the impact of coal-
rock is not clear. Therefore, this paper studies the response difference of box structure-based tail beam when coal-rock particle
impacts on the box structure-based tail beam. Firstly, through the construction and analysis of the impact theoretical model of the
coal-rock particle and metal plate, it is found that the complex box structure of the tail beam makes it extremely difficult to
establish the impact theoretical model of the coal-rock and box structure-based tail beam, so it is impossible to directly study the
response of the box structure-based tail beam when the coal-rock impacts on the box structure-based tail beam by the theoretical
method. Therefore, the impact simulation model of coal-rock particle and box structure-based tail beam is further established.
Through the changes of kinetic energy and internal energy of the box structure-based tail beam system, the contact response of
collision contact zone, and noncollision contact zone of the box structure-based tail beam, the response difference of box
structure-based tail beam when coal-rock particle impacts on the box structure-based tail beam is analyzed. Then, by changing the
impact speed and contact mode of the coal-rock particle, the effects of impact speed and the contact mode on the response
difference of the box structure-based tail beam are studied separately. The conclusion shows that the response difference of the box
structure-based tail beam under the impact of the coal particle and rock particle is obvious, and the difference increases as the
impact speed increases, and the difference increases as the contact range increases.

1. Introduction

As an important reserve resource in the world, coal is one of
the irreplaceable energy sources in human production and
life. For example, coal consumption accounts for as much as
59% of China’s annual energy consumption structure [1]. In
general, thick coal seam accounts for a large proportion of
coal reserves, so fully mechanized mining top-coal caving
technology [2-6] has been widely used in coal mining, and
tully mechanized mining equipment has gradually improved
its overall performance in application. However, in the
process of top-coal caving, manual judgment is still used to
control the opening switch of drawing coal, which affects the
coal caving efficiency and personnel safety to a certain ex-
tent, so it is necessary to improve the intelligent and un-
manned coal-caving process [7].

In the process of exploring the intelligent and unmanned
process of coal caving, coal-rock identification technology
has received widespread attention as a crucial step. Wang
et al. proposed a new method of coal-gangue separation
based on laser triangulation and weight, using three-di-
mensional laser scanning technology to calculate the density
from the volume [8]. By establishing the difference of coal-
gangue surface texture and gray level, Hou proposed a
method that combines image features with the artificial
neural network to identify coal gangue [9]. Sun et al. pro-
posed a coal-rock interface detection method by using digital
image analysis technology based on the difference of coal
and rock texture characteristics [10, 11]. He et al. measured
the spectral reflectance of coal and rock and applied mul-
tispectral remote-sensing images to detect coal mine areas
[12]. Mao et al. proposed a rapid coal classification method
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based on infrared spectroscopy by measuring spectral data of
coal gangue with spectrometer [13, 14]. Dou et al. used the
SVM coal-gangue recognition method based on image
analysis; the SVM method is used to identify and select the
optimal image features, so as to reduce the optimal features
and improve the class accuracy [15]. Zhang et al. carried out
an exploratory study using machine vision to simultaneously
detect multiple information of coal quality online, including
particle size distribution, density distribution, the ash
content of each density fraction, and total ash content [16].
Taking the sound signal and vibration signal as the analysis
object, Si et al. combined the improved radical basis function
neural network with Dempster-Shafer evidence theory and
proposed a fusion recognition method for the coal and rock
cutting state of the shearer [17, 18]. The above is an ex-
ploration of coal-rock recognition based on images, rays,
and acoustic signals, but many external factors such as noisy
environment and dark light in the process of coal caving will
make the recognition effect worse.

In order to overcome the influence of the external en-
vironment, many scholars have explored coal-rock recog-
nition based on vibration signals. Liu et al. proposed a
vibration feature extraction method based on the Hilbert
spectrum information center and applied Mahalanobis
distance measurement to the Hilbert spectrum information
entropy of the vibration signal to effectively detect the coal-
rock interface [19, 20]. Taking the vibration signal of the tail
beam of the hydraulic support as the research point, Li et al.
constructed the feature vector with the fractal box dimen-
sion and wavelet packet energy moment as the input vector
of the BP neural network to identify coal and rock [21].
Wang and Zhang proposed a new method for dynamic
recognition of coal-rock interface based on adaptive weight
optimization and multi-information fusion of current,
temperature, sound, and vibration signals [22]. Yang et al.
used the time-domain characteristic calculation and HHT
processing of the vibration acceleration signal of coal gangue
impacting the metal plate, and the coal-gangue recognition
accuracy rate obtained by the machine learning integration
algorithm was high [23, 24]. Coal-gangue identification
based on the vibration signal is more suitable for coal-
gangue identification in the process of coal caving because of
its advantages of small environmental interference, easy data
acquisition, and high recognition rate [25]. However, most
scholars only filter and analyze the vibration signal of the
coal-rock impacting the tail beam or analyze the impact of
coal-rock particles on the metal plate or the whole hydraulic
support. However, they have not analyzed the impact re-
sponse characteristics of the box structure-based tail beam
and lack the basic research on the relevant response char-
acteristics of box structure-based tail beam under coal-rock
particle impact.

Based on previous research studies on elastic collision
[26-30], this paper takes the box structure-based tail beam as
the research object and first establishes the theoretical model
of spherical particles impacting the metal plate. Because the
response of the box structure-based tail beam is different
from that of a single metal plate and is difficult to establish a
theoretical model, the simulation model of coal-rock particle
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impacting the box structure-based tail beam is further
established to study the difference of impact response of the
box structure-based tail beam when the coal particle and
rock particle impact the box structure-based tail beam and
the change of impact response difference under the influence
of impact speed and contact mode.

2. Theoretical Model of Impact and Collision of
the Coal-Rock Particle

In the process of fully mechanized top-coal caving mining,
the shape of coal and rock particles is irregular. If a certain
irregular shape is used for subsequent research, not only the
modeling parameters are too many and the research process
is cumbersome but also the results obtained are not rep-
resentative. The spherical particles can be determined only
by radius parameters, and the area of the collision contact
zone can be changed by changing radius parameters.
Therefore, in the collision contact theoretical model in this
paper, the coal and rock particles are equivalent to spherical
particles, and the part of the tail beam in contact with the
coal and rock is regarded as the metal plate.

Assuming that coal-rock particles are isotropic, com-
pletely elastic, have uniform mass and there is no friction on
the contact surface between the particles and tail beam, the
theoretical model of spherical coal-rock particles impacting
the metal plate is established based on Hertz contact.

Contact force:

4
F= g R(1/2) E. 6(3/2). (1)

Equivalent modulus:

E = Ei - B (2)
2 2 :
(1 _!"1> - E, +(1 _["2) - E,
Equivalent radius:
_Ri-R (3)
R, +R)

where ¢ is the total contact deformation between the metal
plate and spherical particles, p, is Poisson’s ratio of the metal
plate, y, is Poisson’s ratio of spherical coal or rock particles,
E, is the elastic modulus of the metal plate, E, is the elastic
modulus of spherical coal or rock particles, R, is the radius of
the metal plate, and R, is the radius of spherical coal or rock
particles. Since the radius of a plane object is infinite, that is,
R, = 00, the equivalent radius R = R,.

In practice, there must be friction between the metal
plate and coal particles. For the theoretical model to be closer
to reality, friction needs to be considered on the basis of the
Hertz contact theory. Flores has established a nonlinear
spring-damping contact theory considering both elastic
force and damping dissipation force of the system [28, 29].

Contact force:

Fy = K&" + x8"s. (4)

Hysteresis damping factor:
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where K is the generalized stiffness parameter, c, is the

coefficient of restitution, and & “) is the initial contact
velocity.

Assuming that the metal plate is an independent indi-
vidual and considering the deformation of the metal plate
impacted by particles (as shown in Figure 1), the deflection
equation y4,. and energy equation W of the metal plate
under Hertz contact force are obtained as follows [30]:

Fyxix, 2 2 2
Yaur = 6E,I,L : (L X _xz)’

i (©)
Fyx1x, 2 2 2
= ZNTIT2 (12 2 42,
12E,1,L (L7 -xi =)

where I, is the moment of inertia of the metal plate, L is the
length of the metal plate, and x, and x, are the distances
from the left end of the metal plate and the right end of the
metal plate to the impact point.

Based on the above theory, Yang et al. studied the contact
response of the system when multiple coal and rock particles
impacted the metal plate [30], which indirectly demonstrated
the availability of the contact theoretical model. The above
theory is suitable for particles impacting a single metal plate,
but the theoretical research of the overall structure of the box
structure-based tail beam is not completely the same as the
theoretical study of the single metal plate mentioned above.
The complexity is that multiple metal plates are welded
horizontally and longitudinally to form multiple box spaces in
the tail beam structure (as shown in the cross-sectional view
of the box structure-based tail beam in Figure 2, only part of
the metal plates are marked). When plate 1 is impacted by coal
and rock particles, metal plates such as plates 2-4 directly
connected with plate 1 will affect it, and plate 5 will also affect
plate 2 and plate 3 and thus indirectly affecting plate 1. It is
extremely difficult to establish a theoretical model of the box
structure-based tail beam impacted by coal and rock particles
if the degree of mutual influence between the extension
degrees of freedom, bending deflection, rotation degrees of
freedom, and section deformation degrees of freedom be-
tween the various metal plates and their influence factors are
considered at the same time [31, 32].

3. Simulation Model of Impact between the
Coal-Rock Particle and Box Structure-Based
Tail Beam

Since it is extremely difficult to establish a theoretical model
of particle impact on the box structure-based tail beam, the
impact simulation model of coal-rock particles and the box
structure-based tail beam is established to further study the
collision response of the box structure-based tail beam under
the impact of coal-rock particles. The top-coal caving hy-
draulic support (as shown in Figure 3) mainly includes top
beam, shield beam, linkage, base, and tail beam, which are

Coal-rock particle
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FIGURE 1: The deformation diagram of the metal plate under
impact.

F1GURE 2: The sectional view of the box structure-based tail beam.
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FIGURE 3: The model of the top-coal caving hydraulic support.

essential equipment in fully mechanized coal caving tech-
nology. The biggest difference between the top-coal caving
hydraulic support and ordinary hydraulic support is that the
coal drawing mechanism is added. The coal drawing
mechanism (as shown in Figure 4) is mainly composed of tail
beam, insert plate, tail beam jack, insert plate jack, side
plates, and other components. Among them, the tail beam
and plug-in plate are the main parts to realize coal caving,
gangue blocking, and coal crushing, and the side plates can
prevent coal and rock from falling into the hydraulic support
to a certain extent. Considering that the tail beam, insert
plate, and side plates are all subjected to the impact of coal-
rock particles, the position and quality of the insert plate and
side plates may affect the simulation results. Therefore, the
tail beam, insert plate, and side plates of the hydraulic
support are taken as a whole to construct the simulation
model.
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FIGURE 4: The coal-drawing mechanism.

Since this paper is not the study of the entire coal caving
mechanism, but a box structure-based tail beam as the main
research object, it does not consider the force exerted by the
tail beam jack on the box structure-based tail beam and only
considers the impact response of coal-rock impact to the box
structure-based tail beam in a fixed state. Therefore, when
the simulation model was established, only fixed constraints
were set at the hinge point of the tail beam and shield beam
to ensure that the box structure-based tail beam was fixed in
space. To make the simulation results more accurate, the tail
beam is divided into a hexahedral mesh with better quality,
the element type is C3D8R, and the simulation type displays
dynamic simulation. Gravity acceleration of 9.8m/s* is
applied to both the coal-rock particle and box structure-
based tail beam, and the impact speed direction of the coal-
rock particle is in the positive direction of the Z-axis of the
system coordinate axis (vertically downward), and the
simulation time is 0.005 s. The simulation model diagram is
shown in Figure 5.

4. Difference Analysis of the Coal-Rock Particle
Impacting the Box Structure-Based Tail Beam

4.1. Response Difference of the Box Structure-Based Tail Beam
Impacted by Coal and Rock

4.1.1. Analysis of Impact Response of the Box Structure-Based
Tail Beam in the Collision Contact Zone. In the process of
coal caving, the basis for judging whether to stop coal caving
is the mixture ratio of coal and rock. When the rock content
is relatively large, the tail beam will be raised to prevent the
rock at the top from sliding continuously. The coal-rock
identification system based on the vibration signal can
distinguish the mixing of coal and rock through the different
responses of the tail beam when coal-rock impacts. There-
fore, it is necessary to study the difference of the impact
response of the tail beam when the coal particles and rock
particles impact the tail beam. Based on the aforementioned
simulation model, create spherical coal particles and rock
particles with the same volume (R=0.05m) and set the
impact velocity to 5m/s and the simulation time to 0.005s.
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FiGure 5: The simulation model of the coal-rock particle impacting
the box structure-based tail beam.

The system kinetic energy and internal energy are obtained,
as shown in Figure 6.

From Figure 6, under the impact of the rock particle, the
system has more residual kinetic energy and the variation
range of residual kinetic energy is about 12], and the peak
value of the system internal energy curve is large and the
internal energy of the stable state is about 4]; under the
impact of the coal particle, the system residual kinetic energy
is less and the variation range of residual kinetic energy is
about 7.5J, and the peak value of the system internal energy
curve is small and the internal energy of the stable state is
about 2]. At the same time, the system kinetic energy and
system internal energy of the rock particle impacting the box
structure-based tail beam are always greater than that of the
coal particle impacting the box structure-based tail beam. In
the initial stage of impact collision, the downward slope of
the system kinetic energy curve of the rock particle
impacting the box structure-based tail beam is greater than
that of the coal particle, but the arrival time of the valley
value (the lowest point value of the curve) is consistent; the
slope of the system internal energy curve of the rock particle
impacting the box structure-based tail beam is greater than
that of the coal particle, but the peak arrival time is con-
sistent. In the later stage of impact collision, the system
kinetic energy curve of the rock particle impacting the box
structure-based tail beam oscillates more obviously, and the
system kinetic energy curve of the coal particle impacting the
box structure-based tail beam oscillates more smoothly; the
oscillation amplitude of the system internal energy curve of
the rock particle impacting the box structure-based tail beam
is larger than that of the coal particle.

According to the above analysis of system kinetic
energy and internal energy, the system kinetic energy and
internal energy have obvious different response changes
when the coal-rock particles impact the box structure-
based tail beam. In order to further study the difference of
the impact response of the box structure-based tail beam
when coal-rock particles impact the box structure-based
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FIGURE 6: (a) System kinetic energy and (b) system

tail beam, this paper analyzes the dynamic response
analysis in the collision contact zone of the coal-rock
particles impacting the box structure-based tail beam, and
25 nodes are selected in the collision contact zone, the Z-
direction velocities of the 25 nodes are extracted, and the
average value is calculated. The curve of the average ve-
locity change of the nodes in the tail beam collision
contact zone is drawn, as shown in Figure 7.

It can be seen from Figure 7 that the peak value of the
average velocity curve of the tail beam collision contact zone
under the impact of the rock particle is greater than that
under the impact of the coal particle, but the peak arrival
time of both is the same. In the later stage of the collision, the
oscillation amplitude of the average velocity curve of the
rock particle impacting the box structure-based tail beam is
obviously greater than that of the coal particle impacting the
box structure-based tail beam. This is because the density of
rock is greater than that of coal, the mass of rock particles is
larger in the same volume, the impact kinetic energy is
greater when the impact velocity is the same, and the box
structure-based tail beam absorbs more energy during the
collision process, so the vibration response of the box
structure-based tail beam under the impact of the rock
particle is obviously stronger than that under the impact of
the coal particle.

4.1.2. Analysis of Impact Response in the Noncollision Contact
Zone of the Box Structure-Based Tail Beam. In the actual
signal collection process of coal-rock particles impacting the
box structure-based tail beam, the signal collection position
is fixed, while the coal-rock impact position is variable, so
the information collection position will be in the tail beam
noncollision contact zone, and the vibration response of the
collision contact zone is different from that of the non-
collision contact zone. Therefore, in order to further analyze
the dynamic response difference of the box structure-based
tail beam under the impact of coal-rock particles, four nodes
in the noncollision contact zone are selected for analysis, and

System internal energy (J)
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FIGURE 7: Average velocity in the tail beam collision contact zone
under the coal-rock particle impact.

the node positions are shown in Figure 8. The obtained nodal
acceleration curve is shown in Figure 9, the nodal velocity
curve is shown in Figure 10, and the nodal displacement
curve is shown in Figure 11.

According to Figures 9-11, under the impact of the coal
particle, the nodal acceleration vibration frequency of the
noncollision contact zone of the box structure-based tail
beam is low, and the vibration amplitude is small; under the
impact of the rock particle, the acceleration vibration fre-
quency is high, and the vibration amplitude is the largest; the
vibration amplitude of the nodal acceleration curve at the
lower side of the box structure-based tail beam is larger than
that of the upper side. The nodal velocity curve under the
rock particle impacts has a larger peak value and amplitude,
while the nodal velocity curve under the coal particle
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F1GUure 9: Nodal acceleration in the tail beam noncollision contact
zone under the impact of coal-rock particles.

impacts has a smaller peak value and small amplitude; the
velocity of the nodes on the upper side of the box structure-
based tail beam is lower, and the negative value accounts for
more, while the velocity of the nodes on the lower side of the
box structure-based tail beam is higher, and the positive
value accounts for more. When coal-rock particles impact
the box structure-based tail beam, the upper nodes of the box
structure-based tail beam first move in the negative direction
of z-axis and then move in the positive direction of z-axis,
and the lower nodes always move in the negative direction of
z-axis; the displacement of upper nodes of the box structure-
based tail beam under the impact of the rock particle is larger
and faster than that under the impact of the coal particle, and
the displacement of the lower nodes of the box structure-
based tail beam changes faster under the impact of the rock
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Figure 11: Nodal displacement in the tail beam noncollision
contact zone under the impact of coal-rock particles.

particle than that under the impact of the coal particle, but it
is similar in the later stage of collision. The results show that
the response of the tail beam noncollision contact zone is
obviously different when the coal and rock particle impact
the box structure-based tail beam.

4.2. Influence of Impact Speed on the Impact Response
Difference of the Box Structure-Based Tail Beam Impacted
by Coal-Rock

4.2.1. Analysis of Impact Response in the Collision Contact
Zone. In the process of top-coal caving, the falling height of
coal-rock particles is different, which results in different
speeds of coal-rock particles impacting the tail beam.
Therefore, the impact speed of the coal-rock particles is
changed in the simulation model to study the influence of
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impact speed of the coal-rock particles on the impact re-
sponse of the box structure-based tail beam. Take the speed
of the coal-rock particles as 2m/s, 3m/s, 4m/s, and 5m/s
and get the system kinetic energy and system internal en-
ergy, as shown in Figure 12.

According to Figure 12, with the decrease of impact
speed, the system kinetic energy and internal energy de-
crease as a whole, the valley value of the system kinetic
energy curve and the peak value of the system internal
energy curve decrease, and the arrival time of both of them is
delayed, and the oscillation in the back section of the curve is
weakened. With the increase of impact speed, the energy gap
between the coal-rock particles continues to increase, and
the vibration of the energy curve under the impact of the
rock particle is more obvious and greater than that under the
impact of the coal particle. In order to further analyze the
dynamic characteristics of the box structure-based tail beam,
the 25 nodes in the tail beam collision contact zone are taken
as the research objects, and the Z-direction velocities at 4
different impact speeds are extracted, and the average ve-
locity curve is drawn, as shown in Figure 13.

According to Figure 13, when the coal-rock particles
with different speeds impact the box structure-based tail
beam, the change in the average velocity of the tail beam
collision contact zone is as follows: with the increase of
impact speed, the velocity peak value increases, peak arrival
time advances, velocity slope increases at the initial stage of
collision, and curve amplitude increases at the later stage of
collision. With the continuous increase of the impact speed,
the peak gap of the average velocity of the tail beam collision
contact zone under the impact of the rock particle and coal
particle continues to increase, and the gap of the velocity
oscillations” amplitude in the later stage of collision in-
creases. Based on the above results, the difference in impact
response of the collision contact zone of the box structure-
based tail beam under the impact of the rock particle and
coal particle is more obvious with the increase of impact
speed.

4.2.2. Analysis of Impact Response in the Noncollision
Contact Zone. In order to further explore the response
difference of impact speed to coal-rock particles impacting
the box structure-based tail beam, four nodes in the tail
beam noncollision contact zone in the previous section are
selected as the research objects. The nodal acceleration at the
speeds of 2m/s, 3m/s, 4m/s, and 5m/s are extracted, re-
spectively, and the curve is shown in Figure 14, nodal ve-
locity curve is shown in Figure 15, and nodal displacement
curve is shown in Figure 16.

It can be seen from Figures 14-16 that, under the impact
of the coal-rock particles with impact speeds of 2 m/s, 3 m/s,
and 4 m/s, the law of acceleration, velocity, and displacement
in the noncollision contact zone is similar to that when the
impact speed is 5 m/s. With the increase of impact speed, the
acceleration vibration amplitude in the noncollision contact

zone of the box structure-based tail beam under the impact
of the coal particle and rock particle increases, and the
difference between them increases; the difference between
the peak of the average velocity curve in the tail beam
noncollision contact zone under the impact of the coal
particle and rock particle becomes larger, the peak arrival
time is gradually advanced, and the curve amplitude is more
obvious, and the difference between the maximum velocity
of the nodes on the upper side of the box structure-based tail
beam and that on the lower side becomes larger; the dif-
ference of the displacement curve in the noncollision contact
zone under the impact of the coal particle and rock particle
becomes larger, and the displacement difference of the nodes
on the upper side of the box structure-based tail beam is
more obvious than that on the lower side. Based on the
above phenomenon, it can be seen that the impact speed
does not change the overall law of the impact response in the
noncollision contact zone of the box structure-based tail
beam, but the increase of impact speed makes the impact
response difference of the noncollision contact zone more
obvious under the impact of the rock particle and coal
particle.

4.3. Influence of the Contact Mode on the Impact Response
Difference of the Box Structure-Based Tail Beam Impacted
by Coal-Rock

4.3.1. Analysis of Impact Response in the Collision Contact
Zone. Due to the irregularity of coal-rock particles, when
they collide with the box structure-based tail beam, there are
three typical collision contact modes: point contact, line
contact, and surface contact. In order to study the influence
of the contact mode on the impact response difference of
coal-rock impacting the box structure-based tail beam, three
kinds of particles with the same volume and different shapes,
namely, spherical particles, cylindrical particles, and square
particles, were established to simulate the point contact, line
contact, and surface contact in the process of impact, re-
spectively. The particle parameters are shown in Table 1. Set
the particle impact speed to 5m/s, and obtain the system
kinetic energy and internal energy, as shown in Figure 17.

According to Figure 17, at the initial stage of particle
impact, when the point contacts, the slope of the system
kinetic energy curve is the smallest, valley value of the curve
is the smallest, and arrival time of the valley value is the
latest, and the slope of the system kinetic energy curve is the
smallest, peak value is the largest, and arrival time of the
peak is the latest; when the line contacts, the slope of the
system kinetic energy curve is small, valley value of the curve
is small, and arrival time of the valley value is moderate, and
the slope of the system kinetic energy curve is small, peak
value is small, and arrival time of the peak is moderate; when
the surface contacts, the slope of the system kinetic energy
curve is the largest, valley value of the curve is the largest,
and arrival time of the valley value is the earliest, and the
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FIGURE 13: Average velocity in the tail beam collision contact zone
under different impact speeds.

slope of the system kinetic energy curve is the largest, peak
value is the smallest, and arrival time of the peak is the
earliest. At the later stage of coal-rock particle impact, the
system kinetic energy is the largest and the system internal
energy is the smallest during the point contact, the system
kinetic energy is the smallest and the system internal energy
is the largest during the surface contact, and the system

kinetic energy and internal energy are in the middle during
the line contact. When the contact mode is the same, the
system kinetic energy and system internal energy under the
impact of the rock particle are always greater than those
under the impact of the coal particle.

Taking the 25 nodes in the collision contact zone of the
aforementioned as the research object, extract the Z-di-
rection velocity and draw the average velocity curve, as
shown in Figure 18. It can be seen from Figure 18 that when
coal-rock particles impact the box structure-based tail beam
with different contact modes, the average velocity changes in
the tail beam contact zone are shown as follows: the peak
value of the average velocity curve is the smallest, and the
arrival time is the slowest during the point contact; the peak
value of the average velocity curve is small, and the arrival
time is slow during the line contact; the peak value of the
average velocity curve is the largest, and the arrival time is
the fastest during the surface contact. When the contact
mode is the same, the vibration of the velocity curve in the
tail beam contact zone under the impact of the rock particle
is more severe than that under the impact of the coal particle,
and the vibration gap is the largest in the surface contact, the
second in the line contact, and the least in the point contact.

4.3.2. Analysis of Impact Response in the Noncollision
Contact Zone. In order to further analyze the response
difference of the contact mode to the impact of coal-rock
particles on the box structure-based tail beam, four nodes in
the tail beam noncollision contact zone are taken as the
research object, and the nodal acceleration under the three
contact modes are extracted, respectively, and the curves are
drawn, as shown in Figure 19, and the curve of node velocity
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FIGURE 14: Nodal acceleration in the tail beam noncollision contact zone under different impact speeds: (a) Node 1 acceleration; (b) Node 2

acceleration; (c) Node 3 acceleration; (d) Node 4 acceleration.

is shown in Figure 20, and the curve of node displacement is
shown in Figure 21.

It can be seen from Figure 19 that when coal-rock
particles impact the box structure-based tail beam in dif-
ferent contact modes, the nodal accelerations in the tail
beam noncollision contact zone are all shown as follows: the
vibration frequency and amplitude of nodal acceleration are
the lowest during the point contact, vibration frequency and
amplitude of nodal acceleration are moderate during the line
contact, acceleration vibration frequency is the highest, and
vibration amplitude is the largest during the surface contact.
When the coal-rock particles impact the box structure-based
tail beam in the same contact mode, the nodal acceleration

amplitude of the tail beam noncollision contact zone under
the impact of the rock particle is larger and more frequent
than that under the impact of the coal particle. And, the
vibration gap is the most obvious in the surface contact, the
second in the line contact, and the least in the point contact.

It can be seen from Figure 20 that when the coal-rock
particles impact the box structure-based tail beam with
different contact modes, the nodal velocity in the tail beam
noncollision contact zone is shown as follows: in the case of
point contact, the nodal velocity response is the slowest and
the peak value is the smallest; in the case of surface contact,
the nodal velocity response is the fastest and the peak value is
the highest; in the case of line contact, the response speed
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TaBLE 1: Impact parameters of the coal-rock particle.

Particle Spherical particle Cylindrical particle Square particle

Size (m) R=0.05 R=0.0408; L=0.1 L=0.0806
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FIGURE 18: Average velocity of nodes in the tail beam collision contact zone under different contact modes.
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and peak value of nodal velocity are in the middle. When the
coal-rock particles impact the box structure-based tail beam
with the same contact mode, the peak value of the nodal
velocity curve in the tail beam noncollision contact zone
under the impact of the rock particle is significantly higher
than that under the impact of the coal particle. And, the peak
value difference is the largest in the surface contact, the
second in the line contact, and the smallest in the point
contact.

It can be seen from Figure 21 that when the coal-rock
particles impact the box structure-based tail beam with
different contact modes, the nodal displacement are all
shown as follows: the displacement of the upper node of the
box structure-based tail beam is the smallest during the
point contact, displacement is the largest during the surface
contact, and displacement is centered during the line con-
tact, but the influence of the contact mode on the dis-
placement of the lower node of the box structure-based tail
beam is not obvious. When the contact mode is the same, the
nodal displacement in the tail beam noncollision contact
zone under the impact of the rock particle is always greater
than that under the impact of the coal particle.

5. Conclusions

In this paper, through the establishment of a simulation
model of the coal-rock single particle elastic impacting the
box structure-based tail beam, the difference of impact
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response between the coal particle and rock particle
impacting the box structure-based tail beam is studied, and
the influence of impact speed and contact mode on the
difference was further studied. The conclusion is as follows:

(1) There are differences in the impact response of the
box structure-based tail beam under the impact of
the coal-rock particle. Under the impact of the rock
particle, the velocity peak value of the tail beam
contact collision zone is larger, internal energy and
kinetic energy of the system are higher, and peak
values of acceleration and velocity in the nonimpact
contact zone are larger. The impact response of the
box structure-based tail beam under the impact of
the rock particle is obviously stronger than that
under the impact of the coal particle.

(2) When the impact speed of the coal-rock particle in-
creases, the system kinetic energy and internal energy
under the impact of the coal-rock particle continue to
increase, velocity peak value increases, and response is
more rapid in the tail beam collision contact zone, and
the vibration amplitude of acceleration and velocity
and the nodal displacement increase in the tail beam
noncollision contact zone, and the difference of vi-
bration response between the rock particle and coal
particle impacting the box structure-based tail beam is
more significant. And, the change of impact speed will
not change the overall trend of vibration response of
the box structure-based box tail beam.

(3) When the impact contact mode between the
particles and box structure-based tail beam is point
contact, the residual kinetic energy of the system is
the most, internal energy of the system is the
smallest, dynamic response of the tail beam col-
lision contact zone, and tail beam noncollision
contact zone is the weakest, and the impact re-
sponse difference of the box structure-based tail
beam under the impact of the coal-rock particle is
the smallest. When the impact contact mode is
surface contact, the residual kinetic energy of the
system is the least, internal energy of the system is
the largest, dynamic response of the tail beam
collision contact zone and noncollision contact
zone is the strongest, and impact response dif-
ference of the box structure-based tail beam under
the impact of the coal-rock particle is the largest.
When the impact contact mode is line contact, the
residual kinetic energy and internal energy of the
system are between the former two, and the dy-
namic response degree of the tail beam collision
contact zone and noncollision contact zone is
between the former two.

In this paper, the impact of the single coal-rock particle
on the box structure-based tail beam is studied, which
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provides a reference for further study on the vibration re-
sponse of the box structure-based tail beam impacted by
multiple coal-rock particles. The response difference be-
tween the coal-rock particles impacting the box structure-
based tail beam provides a basis for coal-rock identification
based on the vibration signal in the process of caving coal.
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