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With the increase of mining height, the problem of coal wall spalling in the working face gradually worsens. Hydraulic
support and its face guard structure are the key pieces of equipment to restrain the coal wall spalling. However, at present,
the hydraulic jack is mostly considered as rigid in the analysis of protection mechanism. .is simplification cannot ef-
fectively reflect the true bearing state of the face guard. In order to improve the accuracy of analysis, this study considers the
face guard jack as a flexible spring and establishes a rigid-flexible coupling analysis model of the face guard mechanism. First,
based upon the multibody dynamics software ADAMS®, the multibody numerical model of the face guard of the hydraulic
support was established. .e influence of the two kinds of structures on the coal wall disturbance was analyzed and
compared. .en, the rigid model was meshed..e hydraulic jacks were equivalent to the spring system, and the rigid-flexible
coupling model was established. Based upon the application load on different positions of the rigid-flexible model, the load-
bearing characteristics and hinge point force transfer characteristics of the two face guards were analyzed. .e results show
that the support efficiency of the integral type was higher than that of the split type. In the vertical support attitude, the
dynamic disturbance of the coal wall, produced by the two kinds of face guards, was small. .e four-bar linkage effectively
improved the ultimate bearing capacity of the integral face guard. .e results provide theoretical support for the design and
optimization of the face guard.

1. Introduction

Although, in recent years, coal mining and coal consump-
tion have gradually decreased with the increase in support
towards reducing carbonization, the total global coal pro-
duction has still increased by 1.5% in 2019 compared with
that in the previous year. China, as a country with more coal
and less oil and gas, accounts for 51.7% of the global coal
consumption. In a long period of time, coal will still be an
irreplaceable key primary energy resource in China. .ere
are a large number of thick coal seams in Western China. At
present, there are two main mining methods for thick coal

seams, namely, the large mining height one-time full-
thickness mining and sublevel caving mining [1, 2]. In recent
years, with the continuous development of mining tech-
nology, the coupling support theory of large mining height
hydraulic support and surrounding rock has gradually
improved [3, 4]. However, due to the continuous increase in
mining height, the probability and extent of damage of the
overlying strata in the working face has increased rapidly,
which has led to severe roof impact load phenomenon and
the rapid deterioration of the coal wall stress level..erefore,
during mining with large mining height, large-scale and
deep spalling can still occur [5–7]. In addition, the coal wall
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spalling phenomenon also aggravates the instability of the
hydraulic support in the working face (two legs hydraulic
support) [8]. .erefore, the problem of spalling is still a key
challenge restricting the mining of thick coal seams.

As the problem of spalling has a great impact on the
production of coal, many scholars around the world have
studied the problem of coal wall spalling. First, the sta-
bility factors of the surrounding rock were analyzed using
indoor experiments and theoretical analysis as reported in
some previous studies [9, 10]. Moreover, based on the
Hoek–Brown failure criterion, a prediction model of the
mechanical parameters of the surrounding rock was
established. In the study of the mechanism of coal wall
spalling, some previous works [11–14] have studied the
influence of mining height, roof pressure, and other
factors on the scope and depth of coal wall spalling. It is
considered that, with the increase of mining height and
roof pressure, the probability of coal wall spalling in the
working face also increases. Based on the “wedge” stability
theory, some previous works [15, 16] studied the mech-
anism of coal wall spalling in fully mechanized mining
face with large mining height. In addition, they pointed out
that the physical properties of coal body, the face guard
protection force of hydraulic support, and the protection
efficiency affected the stability of coal wall. In a previous
work [17], the numerical model of 8102 working face in the
Wolonghu mine (China) was established with the help of
UDEC. Furthermore, the influence of the coal seam dip
angle on the stability of coal wall was analyzed, and it was
pointed out that the fracture mode of coal wall changed with
the change of coal seam dip angle (tensile or shear fractures).
In another work [18], based on the systematic analysis of the
factors affecting the stability of coal and rock in large mining
height working face, the triangular slope spalling caused by
shear slip was found to be the main failure mode of coal wall
spalling with large mining height. By establishing the in-
teraction model of hydraulic support and surrounding rock
under different roof structures, a previous study [19] ana-
lyzed the influencing factors of hydraulic support stability in
fully mechanized mining face. .e results showed that coal
wall spalling would worsen the bearing condition of support,
while the degree of spalling was negatively correlated with
the support strength required by the hydraulic support.
From the perspective of hydraulic support, the structural
characteristics of hydraulic support were studied [20] by
establishing the corresponding three-dimensional (3D)
model, and numerical simulation analysis was also carried
out. .e results showed that the mechanical structure of the
hydraulic support had a certain impact on the support. Some
previous works [21–24] established the stope analysis model
of fully mechanized mining face using theoretical calcula-
tions and finite element software FLAC 3D. .e working
resistance and support force of the face guard were made
equivalent to static rigid force by changing the working
resistance and the horizontal support force of the face guard.
.e restraining effect of the active support force of the face
guard on the coal wall spalling was analyzed. .e results
showed that the support resistance and the support force of
the face guard were the two important factors restraining the

coal wall spalling, which were taken as the criteria for
selecting the reasonable working resistance of the hydraulic
support. In order to simulate and analyze the influence of
hydraulic support and surrounding rock in various coupling
states on the bearing characteristics of hydraulic support face
guard and other components [25–27], different coupling
states were simulated by changing the size and position of
applied external load. It was found that the change of
coupling state would cause damage to the hydraulic support
components. Among them, the face guard mechanism is of
great significance to maintaining the stability of coal wall.
However, there is little research on the mechanism of the
support. .e available references assume that the face guard
is a rigid body and that the face guard and the coal wall are in
an ideal coupling state. In practice, due to the unevenness of
the coal wall cut by the shearer, there are many forms of
contact states between the face guard and the coal wall in
actual work. Meanwhile, the face guard is close to the coal
wall, which also forms a dynamic disturbance force for the
coal wall. Based on these reasons, this study analyzes the
performance of high mining height hydraulic support from
two aspects, namely, the dynamic disturbance of the coal
wall caused by the action of the face guard and the bearing
characteristics of the face guard. .e multibody numerical
model of the face guard of the support is established using
the multibody dynamics software ADAMS, and the influ-
ence of the action of the two kinds of structures on the
dynamic disturbance of the coal wall is analyzed. .e two
types of structures are the integral face guard and the split
face guard. Based upon the flexible replacement of each
structural part of the face guard, the bearing characteristics
and the force transmission characteristics of the two kinds of
face guards under different coupling states of the face guards
and the coal wall are analyzed and compared.

.e current study is arranged as follows. In the second
section, the dynamic disturbance of the coal wall caused by
the action of the two kinds of structures is analyzed. In the
third section, the rigid-flexible coupling numerical analysis
model is established, and the ultimate bearing capacity of the
two kinds of face guards is analyzed. .e fourth section
compares and analyzes the load-bearing characteristics of
the face guard mechanism under different coupling states
between the face guard and the coal wall. Section 5 sum-
marizes the conclusions.

2. Analysis of the Dynamic Disturbance of Coal
Wall by Face Guard

2.1. Analysis of the Working Principle of the Face Guard.
.rough direct contact with the coal wall, as shown in
Figure 1, the face guard of hydraulic support exerts support
force on the free surface of the coal wall. .is can effectively
delay the coal body damage and prevent the coal wall falling.
.is can also prevent the ejection injury of coal wall, which
can cause structural damage.

At present, there are two kinds of structures of the
hydraulic support face guard that are suitable for large
mining height working face, as shown in Figure 2. In one of
the structures, the face guard of the hydraulic support is
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directly hinged with the front part of the extensible canopy.
When the extensible canopy is extended, the face guard will
also extend. .e setup is called the integrated face guard
structure. In the second kind of hydraulic support, the
extensible canopy and face guard are separate structures..e
face guard is installed at the front of the canopy, which
means that the extensible canopy can move independently,
and is called the split face guard structure. .e function and
composition of the two kinds of face guards are basically the
same. However, for the hydraulic support with integral face
guard structure, the primary face guard and the extensible
canopy are usually connected through four-bar linkage, and

the split type face guard structure is connected using the
simple hinge joint of the primary face guard and the canopy.

2.2. Disturbance Analysis of the Coal Wall Caused by the
Action of Face Guard. After the shearer cuts coal, the coal
wall has to bear the vertical pressure of the overlying roof
and the horizontal force of the front coal body. Under this
scenario, the stress situation becomes complex. .e face
guard of hydraulic support applies a horizontal force to the
coal wall, which can effectively prevent the coal body from
spalling and change the stress situation of coal wall.
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Figure 1: Schematic of the coal wall supported by the hydraulic support.
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Figure 2: Comparison of the two kinds of hydraulic support face guard mechanisms. (a) Integral face guard. (b) Split face guard.
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.erefore, after coal cutting, the face guard needs to support
the coal wall in time [28]. Whether the hydraulic support
face guard can fit the coal wall timely and effectively or not
has an important influence on the coal wall protection.
.erefore, the efficacy of the action of the hydraulic support
face guard from the retracted position to the expected
designated position is an important index for evaluating the
performance of the face guard.

At the same time, it has been reported that this kind of
plate cracking phenomenon exists in coal wall and roadways
[29, 30]. However, when the coal wall of the working face is
cracked, the support action will cause dynamic disturbance
to the plate cracking area of coal wall, which will lead to the
occurrence of plate cracking spalling disaster. .erefore, the
dynamic disturbance characteristic of the face guard is
another index to evaluate its performance. In this study, a
large mining height hydraulic support ZZ 18000/33/72D
adopted in Jinjitan coal mine (China) was taken as the
example. .is was performed due to the reason that lon-
gitudinal crack failure occurred during the periodic
weighting period. .e face protecting action of the support
also aggravates the plate cracking and spalling of coal wall, as
shown in Figure 3.

During the process ranging from the opening of the
primary and secondary face guards to the large area fitting
with the coal wall, during the contact process between the
two kinds of structures and the coal wall, it is usual that the
secondary face guard first comes into contact with the coal
wall. When it contacts the coal wall, the face guard has a
certain speed and gradually changes into surface contact
with the movement of the face guard jack. .us, the opening
process of the face guard will cause dynamic disturbance to
the coal wall, which is not conducive to the stability of the
coal wall. As shown in Figure 4, when the coal wall has been
damaged by the tension caused by the mine pressure and the
longitudinal or transverse through-cracks are generated, the
impact of the face guard on the coal wall is likely to cutoff the
coal wall and cause local spalling. .erefore, by testing the
angular velocity of the face guard during the process of
opening, the dynamic disturbance effect of the face guard on
the coal wall can be analyzed.

In order to compare the integral face guard and the split
face guard, the time required for the face guard to reach the
expected supporting state is determined, and the dynamic
disturbance to the coal wall is analyzed. Based on ADAMS
software, the multibody dynamic analysis model of the face
guard mechanism of the hydraulic support is established, as
shown in Figure 5. Each structural member is treated as a
rigid body. Various components, such as the extensible
canopy, the face guard, and the face guard jack, are defined
as the rotating pair connection. .e first level of the face
guard jack is defined as the moving pair connection. Ad-
ditionally, the other levels of the face guard are defined as the
fixed connection; therefore, it can move along with the
primary face guard and be relatively static. .e moving pair
of the first level face guard jack is driven, and the extension
speed of the first level face guard jack of the two types of
structures is controlled to be 90mm/s. Furthermore, the
frictional coefficient is set to be 0.3. Meanwhile, the canopy,

goaf shield, and other parts are fixed and connected with the
ground to keep them still. .e same jack is used for the two
structural forms of the face guards. Specific parameters of
the face guard jack for various levels are presented in Table 1.

.e performance results of the two kinds of face guards are
shown in Figure 6. .e measurement of the two kinds of face
guard starts when the horizontal angle with the top beam is 10°.
Under the condition of same and constant extension speed of
the face guard jack, it takes 6.4 s for the integral face guard to
open to 140° and 8.9 s for the split face guard. It can be inferred
that when the two kinds of face guards are close to the vertical
coal wall, the angular velocity decreases to the lowest value..e
minimum value of the angular velocity remains basically the
same. However, the action speed of the integral face guard
becomes faster. .erefore, under the condition of a small
influence on coal wall disturbance, the integral face guard can
realize the support of coal wall more quickly.Meanwhile, based
upon the measurements and statistics of the angular velocity of
the two kinds of structures during opening, it can be found that
the angular velocity of the face guard decreases at first and then
increases. On the other hand, the minimum value of the
angular velocity exhibits a small difference. When the angular
velocity of the integral and split face guards is the minimum,
the corresponding opening angles are 87° and 94°, respectively.
.is means that the dynamic disturbance of the face guard to
the coal wall can be minimized. .erefore, during the opening
process of the two kinds of structures, the extensible canopy
jack and the face guard jack should be controlled cooperatively
to make it fit with the coal wall for the opening angle of ca 90°.
.is is performed to minimize the dynamic disturbance of the
coal wall by the face guard, reduce the impact force on the coal
wall, and avoid the local spalling of the coal wall caused by the
face guard cutting off the coal wall. However, when the coal
wall is convex or concave into a part of the angle, the split face
guard has fewer disturbances to the coal wall because the
angular velocity changes more smoothly. .is means that it
shows better adaptability.

3. Analysis of the Bearing Capacity of the
Face Guard

During the advancement of working face, the hydraulic
support face guard exerts active support force on the coal

Coal wall of plate
cracking spalling

Figure 3: Plate cracking phenomenon in Jinjitan coal mine, China.
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wall by being close to the coal wall to prevent the coal wall
from spalling. Meanwhile, the coal wall will also form a
reaction force of the same size and of opposite direction on
the face guard. .e ultimate bearing capacity of the face
guard is analyzed by applying external load on the face
guard, and the support capacities of different structural
forms of the face guards are compared. Due to the different
degrees of damage and flatness of coal wall in the process of
coal mining machine advancing, the face guard and coal wall
are not in the ideal state of complete fit in the working face.
Instead, they are mostly in the single point support state.
.erefore, the force of coal wall on the face guard is

simplified as the point load. On the other hand, the ultimate
bearing capacity of the face guard at different positions is
obtained by applying the point load to different positions of
the face guard. Since the force of the three-step face guard is
small and the stress situation is similar to that of the primary
and secondary face guards, only the primary and secondary
face guards of the two structural forms are analyzed.

3.1..eoretical Analysis of the Bearing Capacity of the Integral
Face Guard. .e stress analysis of the integral face guard is
shown in Figure 7. .e hinge joint of the extensible canopy

Face guard forms 
point contact with
coal wall and cuts 

off coal wall

 

Destruction has 
occurred and is in 
the critical state of 

rib spalling

(a)

�e coal wall is 
fractured and coal 
wall spalling occurs

(b)

Figure 4: Schematic of the coal wall cutting by face guard.
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Figure 5: Dynamic analysis model of the face guard. (a) Integral face guard. (b) Split face guard.

Table 1: Parameters of the face guard jack.

Cylinder diameter/mm Piston diameter/mm Working resistance/KN
First level 125 90 490
Second level 100 70 300
.ird level 80 60 190
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and the primary face guard are taken as the origin O.
Moreover, OA, OC, AB, and BC constitute a four-bar
linkage. Furthermore, F1 is the force of the first level face
guard jack on the hinge point B, while F2 is the force of the
second level face guard jack on the hinge point E. Addi-
tionally, Fij is the force of point i on point j (for example, FBC
is the force of point B on point C)..e distance from pointO
to rod BC is L. In addition, the distance from point O to rod
AB isM. Similarly, the distance from pointO to F1 extension
line isN, and the distance from pointO to F2 is K. Moreover,
yP is the vertical distance from external load P to corre-
sponding hinge point O. .e angle between the acting force
of the first level face guard jack and the horizontal direction

is θ, and the angle between the rod BC and the horizontal
direction is α.

At this time, the mathematical model of the ultimate
bearing capacity of the integral face guard can be established.

When the loading position of the external load P is at the
primary face guard, the forces are given by the set of fol-
lowing equation.

F1 · cos θ − FBC · cos α � 0,

F1 · sin θ − FBC · sin α � 0,

FAB · M � FBC · L,

FAB · M � F1 · N,

FBC · L � P · yP.

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎩

(1)

It is necessary to calculate the value P1 according to
equation (1) when the loading position of the external load is
at the primary face guard. When the external load P is in the
secondary face guard, the ultimate bearing capacity of the
second level face guard jack must be considered. .is is due
to the reason that the first level and second level face guard
jacks are simultaneously under pressure. In this case, it is
necessary to add the following equation to the model.

P � P1, P1 · yD − yP(  − F2 · K≤ 0,

P · yD − yP(  � F2 · K, P1 · yD − yP(  − F2 · K> 0.


(2)

According to the model size parameters,M� 136.43mm
and N� 342.4mm, while K� 111.95mm. .e loading po-
sition of the external load P determines that
100mm<yP < 2100mm, whereas yD � −1049.75mm, in-
cluding the angle α� 24°. .e maximum tension and
compression working resistance of the first level face guard
jack are 490/264 kN. Furthermore, the maximum pressure
working resistance of the second level face guard jack is
300 kN. .erefore, the maximum load-bearing capacity of
the primary face guard under compression is 980 kN. .e
maximum bearing capacity under tension is −528 kN.
Furthermore, the maximum bearing capacity of the sec-
ondary face guard is 600 kN under compression. Moreover,
the maximum working resistance of the extensible canopy
jack is always greater than its bearing capacity. According to
the above parameters, the bearing capacity of the integral
face guard is analyzed and calculated, and the corresponding
results are shown in Figure 8.

3.2. .eoretical Analysis of the Bearing Capacity of the Split
Face Guard. .e stress analysis of the split face guard
structure is shown in Figure 9. Because the primary face
guard is connected with the canopy through a simple hinge
joint, the stress analysis is relatively simple, and the external
load can be obtained using equations (3) and (4). .e hinge
joint of the primary face guard and the canopy is taken as the
coordinate origin O, and the coordinate system is estab-
lished..e force on pointD of the first level face guard jack is
F1, whereas F2 is the force of the second level face guard jack
to point B. In this structure, the primary face guard does not
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contact the coal wall, and only the external load is applied at
the secondary face guard. However, it is also necessary to
consider the maximum working resistance of the first level
and second level face guard jacks.

When the loading position of the external load is in the
secondary face guard, only the first level face guard jack is
considered (equation (3)).

F1 · L1 � P1 · yP. (3)

Considering the second level face guard jack, the fol-
lowing equation is added to the model.

P � P1, P1 · yA − yP(  − F2 · L2 ≤ 0,

P · yA − yP(  � F2 · L2, P1 · yA − yP(  − F2 · L2 > 0.


(4)

According to the model parameters of the split type face
guard, L1 � 229.65mm, L2 � 239.95mm, yA � −615.03mm,

and 800mm<yP < 2100mm. In order to ensure that there
are only structural differences between the two types of face
guards, the uniqueness of the control variables, all the other
variables are the same except for the different structures of
the face guards. Two jacks with the maximum working
resistance of 490 kN are used for the primary face guard,
while two jacks with the maximum working resistance of
300 kN are used for the analysis of the secondary face guard.
.erefore, F1 � 980 kN and F2 � 600 kN. .e corresponding
results are shown in Figure 10.

3.3. Numerical Model of the Face Guard Mechanism of the
Hydraulic Support. Based upon the HyperMesh software,
the three-dimensional (3D) models of the two kinds of
hydraulic supports are imported into Adams in the form of
mnf file [31–33]. .e canopy and the goaf shield of the
hydraulic support are all defined as rigid bodies. .e friction
rotary pair is used to connect the extensible canopy and the
face guard and for connecting the rod and the face guard.
Similarly, they are also used to connect the rod and the
extensible canopy and the two connecting rods. .e fric-
tional coefficient is set to be 0.3, while the face guard jack is
replaced by an equivalent spring. At the same time, the
canopy, goaf shield, and other rigid body parts are fixed,
connected with the ground. .e numerical simulation
models of the two kinds of face guards are shown in
Figure 11.

According to the calculation of the equivalent spring
stiffness of jack, the equivalent spring stiffness of jack under
different working conditions can be obtained (equation (5)).

K �
A · c

L
, (5)

where K is the equivalent stiffness coefficient (N/m), A is the
effective area of the hydraulic cylinder when transmitting
liquid pressure (m2), c is the bulk elastic modulus of the
hydraulic fluid (oil in water emulsion) having a value of
1.95 × 103 MPa, and L is the length of the effective liquid
column in the hydraulic cylinder (m). In this model, the
opening angle of the face guard is the same as that of the
theoretical analysis model, which is 90°. After measuring the
position parameters of the first and second level face guard
jacks, it is determined that when the jack of the first level face
guard is under pressure, the equivalent spring stiffness
coefficient is 5.5 × 107 N/m. However, when the jack of the
first level face guard is pulled, the equivalent spring stiffness
coefficient becomes 3 × 107 N/m. .e equivalent spring
stiffness coefficient of the second face guard jack is
6.1 × 108 N/m. .e same spring stiffness coefficient is set for
the two kinds of face guards.

3.4.NumericalAnalysis andComparison. Based on the above
numerical model, on the vertical centerline of the integral
primary and secondary face guards and the split-type sec-
ondary face guard, different loads are applied on the points
with an interval of 260mm. .en, the bearing capacities of
the two kinds of face guards are simulated and analyzed..e
load amplitude is estimated using the above theoretical
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analysis results and corrected according to the response of
the face guard jack (the ultimate bearing capacity of the face
guard is taken as the loading force of the critical overflow of
the face guard jack).

.e comparison of the numerical and theoretical results
is shown in Figure 12. It can be seen that the error between
the numerical and theoretical results is less than 2.3%, which
indicates good consistency. .e results of theoretical cal-
culation and numerical simulation are compared and ana-
lyzed. Based upon the comparison and analysis, following
conclusions can be drawn. When the loading position of the
integral face guard is less than 1500mm from the hinge joint,
the maximum bearing capacity can reach 900 kN. Compared
with the split face guard, it has obvious advantages. When it
is more than 1500mm away from the hinge joint, the bearing
capacity of the integral face guard is slightly lower than that
of the split face guard, though the difference is small. Both of
them are between 70 kN and 150 kN. Besides, due to the
structural differences, the split-type primary face guard
cannot directly contact the coal wall. .is results in a less
effective support area as compared with the integral face
guard. .erefore, the bearing capacity and bearing range of
the integral face guard are better than those of the split face
guard.

4. Performance Analysis of the Face
Guard under Different Coupling States

4.1. Analysis of the Load-Bearing Capacity of the Face Guard
under Different Coupling States. .ere are many coupling
states between the face guard and the coal wall of the hy-
draulic support. For example, due to the uneven coal wall,
only one side of the face guard can contact the coal wall. .e
other side has no contact. In this case, the loading position of
the external load is simply regarded as on the centerline of the
face guard. It does not conform to the actual situation.

.erefore, based on the above numerical model, the load is
applied at different positions of the face guard to analyze the
bearing capacity under different coupling states. As shown in
Figure 13, considering the integral face guard as an example,
the centerline of the circular hole at the hinge joint of the
primary face guard and the extensible canopy is taken as the
X-axis (in the split face guard, the centerline of the round hole
at the hinge joint of the face guard and the canopy is taken as
the X-axis). Moreover, the centerline perpendicular to the X-
axis is taken as the Y-axis of the two kinds of face guards. A
cushion block is set at each interval of ΔL� 165mm in the X-
axis direction. Furthermore, a cushion block is arranged for
every ΔM� 154mm in the Y-axis direction. In order to fa-
cilitate the comparative analysis between the integral and
split-type face guards, the integral first level face guard jack
only considers the compression state. .erefore, the cushion
block position is yP > 300mm. .e cushion blocks are
arranged in this way for the integral primary and secondary
face guards and the split secondary face guard to simulate
different coupling modes of the coal wall and the face guard.

.e bearing capacity of the integral face guard and split
face guard is shown in Figure 14. According to the numerical
results, the maximum bearing capacity of the integral face
guard is 900 kN, while the minimum bearing capacity is
47 kN..emaximum bearing capacity of the split face guard
is 276 kN. On the other hand, the minimum value is 82 kN.
At the same time, it is not difficult to see that the bearing
capacity of the integral and split face guards has the same
variation trend. When the loading position is close to the O-
point position, the bearing capacity of the face guard has an
obvious increasing trend compared with the other positions.
When the position of the Y-axis is the same and X� 0 (the
centerline position of the face guard), the bearing capacity is
the largest. Interestingly, the bearing capacity is symmetrical
on the left and right sides of the X-axis. When the X-axis
position is the same, the Y-axis coordinate value is inversely
proportional to the bearing capacity of the face guard.

In order to more intuitively compare the bearing ca-
pacities of the two kinds of face guards in different coupling
states, four rows of cushion blocks corresponding to the
integral and split face guards are taken for analysis. .e
coordinates of the four lines are given by X1 � 280mm,
X2 � 560mm, Y1 � 840mm, and Y2 � 1300mm. According
to Figures 15(a) and 15(b), when the X-axis position is the
same under different coupling states. Additionally, when
Y< 1500mm, the bearing capacity of integral face guard is
greater than that of the split face guard. When Y> 1500mm,
the bearing capacity of the integral face guard is slightly
lower than that of the split face guard, whereas both of them
have poor bearing capacities. Meanwhile, the load-bearing
range of the integral face guard is obviously better than that
of the split face guard. According to Figures 15(c) and 15(d),
the bearing capacity of the integral face guard is better than
that of the split face guard under the two coupling states of
Y� 840mm and Y� 1300mm. Furthermore, it is symmet-
rical on both sides of X� 0mm. Based upon the analysis, it
can be concluded that, in different coupling states, the in-
tegral face guard has a better bearing range and bearing
capacity than the split face guard.

�eoretical results of bearing capacity
of split face guard
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Figure 10:.eoretical value of the bearing capacity of the split face
guard.
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4.2. Analysis of the Force Transfer Characteristics of the Hinge
Point of the Face GuardMechanism under Different Coupling
States. In order to study the load-bearing characteristics of
the two kinds of face guards under different coupling states
with the coal wall, the numerical simulation model is used
for further analysis..e load is applied to the face guard, and
the stress at the hinge point between the primary face guard
and the canopy or extensible canopy is taken as the research
object. Because the face guard mechanism is symmetrical,
only the hinge point in the positive direction of X-axis is
analyzed in this study. .e other side is the same as the case
considered here. After a comprehensive analysis of the ul-
timate bearing capacity of the integral and split-type face
guards, the minimum bearing capacity of the two kinds of
face guards is 47 kN under various coupling states. .ere-
fore, in the analysis of bearing characteristics, to ensure that

the face guard jack does not overflow, the value of applied
load should be less than the minimum bearing capacity of
47 kN within the effective working range. Meanwhile, it
needs to satisfy the uniqueness of variables. .erefore, in the
subsequent analysis, the load applied by coal wall to the two
kinds of face guards is 45 kN.

.e load-bearing characteristics of the hinged joint of
face guards’ results are shown in Figure 16.With the increase
of X-axis coordinate, the stress on the hinge joint of integral
and split face guards’ increases. .e Y-axis coordinate value
is directly proportional to the bearing capacity at the hinge
joint of the face guard. Among them, the maximum stress at
the hinge joint of the integral face guard is 171 kN. Fur-
thermore, the maximum stress at the hinge joint of the split
face guard is 216 kN. .erefore, it can be inferred that the
load-bearing characteristics at the hinge point of the integral
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Figure 11: Numerical analysis model. (a) Rigid hinge point. (b) Numerical model of the integral face guard. (c) Numerical model of the split
face guard.
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and split type face guards are affected by the coupling
relationship.

Based on the above analysis, the load-bearing charac-
teristics of the two kinds of structures in different coupling
states are compared. Four rows of cushion blocks corre-
sponding to the integral and split face guards are considered
for analysis. .e coordinates of the four lines are given by
X1 � 280mm, X2 � 560mm, Y1 � 1800mm, and
Y2 � 2100mm. According to Figures 17(a) and 17(b), under
the coupling state of different X-axis coordinate values, the
stress at the hinge joint of the integral face guard and the
extensible canopy is less than that at the hinge point of the
split face guard and the canopy. Additionally, the stress of
the hinge joint of the integral face guard is about 80% of that
of the split face guard. According to Figures 17(c) and 17(d),
when X<−330mm, the stress of hinge joint of integral face
guard is greater than that of the split face guard. It is worth
noticing that the maximum difference between the two is

13 kN. However, after X>−330mm, the stress of the hinge
joint of the integral face guard becomes less than that of the
split face guard. In this case, the maximum difference be-
tween the two turns out to be 44 kN. .erefore, compared
with the integral face guard, the pin bearing condition at the
hinge joint of the split face guard is worse, indicating more
wear and even failure.

According to the structural form of integral face guard,
the primary face guard is connected with the extensible
canopy through the four-bar linkage mechanism, as shown
in Figure 2(a). .e connecting rod that is hinged with the
primary face guard is called the connecting rod A. Similarly,
the connecting rod that is hinged with the extensible canopy
is called the connecting rod B. .e four-bar linkage is of
great significance to the load-bearing characteristics of the
integral face guard mechanism.

In order to study the load-bearing characteristics of the
four-bar linkage, the load-bearing characteristics of the four-
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bar hinge point in the integral face guard mechanism are
analyzed using the above numerical simulation model.
Similarly, under the premise of different coupling states
between the face guard and the coal wall, a load of 45 kN was
applied to the face guard. Since the face guard mechanism is
symmetrical on the left and right sides, only the hinge point
on the positive side of X-axis is analyzed. .e corresponding
results are shown in Figure 18. .e load-bearing charac-
teristics of the hinge joint of connecting rod A and face
guard, those of connecting rod A and connecting rod B, and
those of connecting rod B and extensible canopy (the bearing

characteristics of the hinge joint of connecting rod A and
connecting rod B are the same) are affected by the coupling
state of the coal wall and face guard. Furthermore, the
variation trend of stress is the same.When the Y-axis value is
the same, the force at the hinge point increases with the
increase of X-axis. When the value of X-axis is the same, the
stress at the hinge increases with the increase of Y-axis.

Combining the results of Figures 16(a) and 18, it can be
seen that under various coupling states of coal wall and face
guard, in the integral face guard mechanism, the maximum
stress of the hinge joint between the face guard and the
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Figure 15: Comparison of the bearing capacities of different positions of face guard. (a) Coordinate value of X-axis is 280mm. (b)
Coordinate value of X-axis is 560mm. (c) Coordinate value of Y-axis is 840mm. (d) Coordinate value of Y-axis is 1300mm.
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Figure 16: Load-bearing characteristics of the hinge joint of the face guard. (a) Load-bearing characteristics of the hinged joint of the
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extensible canopy is 171 kN. .e maximum stress at the
hinge point between the connecting rodA and the face guard
is 214 kN. .e maximum stress on the hinge point of the
connecting rod A and the connecting rod B, as well as that
between the connecting rod B and the extensible canopy, is
119 kN. .erefore, in the process of design and material

selection of the hydraulic support of the integral face guard
because the pin shaft at the connecting rod A and the face
guard has a larger limit force than the pin shaft at other hinge
points during use, the bearing characteristics of the pin shaft
at this position should be considered as a priority. It can
avoid damage and failure in various coupling states.
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Figure 17: Comparison of the bearing characteristics of different positions of face guard. (a) Coordinate value of X-axis is 280mm. (b)
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5. Conclusions

In this study, based upon the establishment of the theoretical
model of the integral and split-type face guards and the
rigid-flexible coupling numerical analysis model, the dy-
namic disturbance effect of the two kinds of face guards on
the coal wall is analyzed. Meanwhile, the load-bearing
characteristics of the two kinds of face guards under various
coupling states with coal wall are analyzed and compared.
Based upon the results, following conclusions are drawn.

(1) When the face guard moves closer to the coal wall, it
will form a dynamic disturbance to the coal wall due
to the dynamic support effect of the face guard jack.
.e results show that the dynamic disturbance
caused by the two kinds of face guards reaches the
minimum when the face guard is nearly vertical.
Meanwhile, compared with the split face guard, the
integral face guard has higher supporting efficiency
and can reduce the exposure time of the coal wall
after shearer cutting. When the dip angle of coal wall
changes (>10°), the average disturbance of the split
face guard to the coal wall becomes smaller.

(2) Combined with the theoretical analysis and the
numerical simulation analysis, it is shown that the
ultimate bearing capacity and bearing range of the
integral face guard are better than those of the split
face guard in various coupling states. .erefore,
when other conditions, such as the face guard jack,
are the same, the integral face guard can provide
greater support and support range to the coal wall
and can better prevent the occurrence of coal wall
spalling.

(3) Based upon the numerical simulation, the two kinds
of face guards are compared in different coupling
states. .e effect of the external load on the load-
bearing characteristics of the hinge joint of the face
guard is analyzed. .e results show that the stress at

the hinge joint of the integral face guard is signifi-
cantly lower than that of the split face guard.
.erefore, the structural form of the integral face
guard has higher reliability. For the same material,
the pin shaft is not easy to be damaged relative to the
split face guard.
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