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In order to comprehensively analyze the adaptability of four-leg hydraulic support with large mining height under impact
dynamic load, this paper adopts HyperMesh software to conduct a flexible pretreatment for the top beam, shield beam, and front
and rear rods. *e numerical simulation model of four-leg hydraulic support is established with ADAMS, where variable stiffness
spring is used to replace columns to simulate their elastic characteristics. Building on analysis of the specific parameters of the
support, this paper attempts to study the adaptability of the hydraulic support with impact dynamic load acting on the top beam.
Additionally, the impact coefficient I and the excitation coefficient E have been introduced to transform the analysis results and
optimize the evaluation method of the response degree of the top beam under impact load. Consequently, the response
characteristics of the columns and pins at the hinged joints under various coupling states of the surrounding rock are found.
Meanwhile, the paper has made a detailed comparison on the stress state of hydraulic support with different impact loads acting
on the top beam. *e adaptability change rule of the impact dynamic load under various impact conditions has been explored,
which is of great significance to the optimization and strength design of four-leg hydraulic support with large mining height.

1. Introduction

In recent years, as the one-time fully mechanized mining
technology with large mining height gains momentum, the
hydraulic support is also developing towards larger mining
height. In the scheme of one-time full height mining with
large mining height, the hydraulic support equipment is
gradually developing to a larger size due to the large mining
height [1–3]. According to the actual use of the hydraulic
support with large mining height, it turns out to be a ne-
cessity for making a targeted analysis on the adaptability of
its support and face guard. International scholars have made
more attempts on this problem. Prusek and Brady [4–7]
have, respectively, analyzed the roof response characteristics
under various support and rock coupling conditions. *e
GRC theory is adopted to analyze and calculate the roof

displacement variation law. Additionally, combined with
field observation, the interaction between roof and support
under the condition of natural roof caving in goaf has been
analyzed, and the bearing characteristics of the hydraulic
support have been obtained through continuous measure-
ment along with the mining face. Polish scholar Szurgacz
et al. [8] have tested the response characteristics of hydraulic
support under static load and impact load of roof through
experiments and pointed out the dangerous areas of stress
concentration of support, which provides the theoretical
guidance for measuring and evaluating the safety of hy-
draulic support under specific geological conditions. Witek
et al. [9] from Poland Central Mining Research Institute
have studied the stress distribution of hydraulic support
under different working conditions by means of finite ele-
ment analysis and laboratory test.*e result suggests that the
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coupling form of wall rock has an impact on the stress
distribution of support, and better coupling conditions can
achieve the decrease in the stress concentration of support.
Wang et al. [10] from CCRI (China Coal Research Institute)
have fulfilled the establishment of the support and wall rock
coupling model by the 3D parameter optimal dynamic
design method and studied the overall working process of
the support. *en, by analyzing the dynamic instability
characteristics of hydraulic support, Wang et al. [11] have
built the adaptability model of hydraulic support under
various coupling relationships with wall rock, obtaining the
support adaptability under various conditions, which pro-
vides theoretical guidance for the optimal design of hy-
draulic support. Subsequently, Wang and Ren et al. [12–16]
have conducted numerous in-depth studies on the coupling
adaptability of supports and surrounding rock, compre-
hensively studied the coupling theory of supports and
surrounding rock of various types in fully-mechanized
working face, and proposed changing the initial support
force of hydraulic supports and optimizing the structural
form to improve the stability control of supports and sur-
rounding rock. *us, it is concluded that the study of
surrounding rock and hydraulic support as a whole helps to
produce coal mine safely and efficiently. He [17] from China
University of Mining and Technology (Beijing), carrying out
theoretical research and simulation research on the sup-
porting capacity of two-column and four-column hydraulic
supports, respectively, has pointed out that the bearing area
of hydraulic supports cannot fully reflect the bearing
characteristics of supports, so it is necessary to establish a
spatial model to comprehensively study the law of bearing
adaptability of two hydraulic supports with the 8707
working face of Jinhuagong Mine as the test site to ensure
the accuracy of theoretical analysis. Having divided the
bearing state of hydraulic support into single zone bearing
and double zone bearing, Meng [18] has studied the two
column hydraulic support under two bearing states based on
ADAMS software and pointed out the ultimate bearing
capacity and bearing adaptability of hydraulic support under
different working conditions.*e results show that adjusting
the parameters of the column and Jack is conducive to
improving the adaptability between the top beam and the
top plate of the hydraulic support, as well as the bearing
capacity of the support. Based on the dynamic load model
with hydraulic support, Li [19] from CCRI has compre-
hensively analyzed the impact dynamic load bearing char-
acteristics of hydraulic support. *e results indicate that the
response characteristics of hydraulic support under dynamic
load are greater than that under static load, which provides a
theoretical basis for subsequent verification.

2. Numerical Model of Four-Leg
Hydraulic Support

In order to analyze the bearing adaptability of hydraulic
support under asymmetric load, it is necessary to enhance
the flexibility of the 3D model of hydraulic support. Firstly,
the structural components that need flexible processing
should be successively imported into HyperMesh software,

which is used to mesh these components. Meanwhile, rigid
connection areas should be established at each hinge point
and then exported in the file form of “.mnf”. Secondly, the
3D model of the hydraulic support should be imported into
ADAMS software as a whole to generate the simulation
model of rigid hydraulic support. *en, the top beam, shield
beam, and front and rear connecting rod components after
flexible processing are used to replace the rigid components
to form the rigid-flexible coupling simulation model with
the base as the rigid body [20, 21]. Finally, the corresponding
motion control is added between each component to lock
the base and the ground. Revolving pairs are added between
the top beam and the shield beam, between the shield beam
and the front and rear connecting rods, and between the
front and rear connecting rods and the base. *e friction
coefficient is set at 0.3 to enable it to rotate around the pin
shaft connection.

*e research model of this paper is four-leg hydraulic
support, and front and rear support adopt double telescopic
upright post. In the different stages of the active support and
passive bearing of the roof supported by the hydraulic
support, the primary and secondary cylinder will show
different stiffness. When the front and rear columns bear
external loads, because of the emulsion is compressed in
cylinder, the column shows the characteristic of elasticity.
*e pressure in the cylinder also varies with the degree of
pressure. *erefore, in order to better simulate the column,
this paper will use variable stiffness springs to replace the
column for simulation analysis.

Combined with the working characteristics of the four-
leg hydraulic support, the equivalent spring with variable
stiffness can be defined according to the equivalent stiffness
calculation equation of the hydraulic cylinder, as is shown in

k �
Aη
Ly

, (1)

where k is the stiffness coefficient of the equivalent spring, A
is the effective pressure area in the hydraulic cylinder, η is the
bulk modulus of elasticity of hydraulic fluids, and Ly is the
length of effective liquid column in hydraulic cylinder
(varying with the height of the support).

When the column is in the third period, it is equivalent
to the series stiffness coefficient of the two-stage hydraulic
cylinder, and the above equation needs to be supplemented,
as is shown in

k �
k1 × k2

k1 + k2
, (2)

where k1 is the equivalent stiffness coefficient of primary
cylinder, k2 is the equivalent stiffness coefficient of secondary
cylinder, and k is the stiffness coefficient of two-stage
hydraulic cylinder series equivalent spring.

*e relevant design parameters of front and rear
columns are shown in Table 1.

At the same time, in order to test the change of the
hydraulic support under the roof load and explore the re-
liability of the simulation model, a simulated roof is
established above the top beam (the simulated roof is a rigid
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body without flexible processing). And a moving pair is set
between the simulated roof and the ground. *e direction of
its movement is vertically downward and always keeps
parallel with the base. Impact model is defined between the
roof and the top beam, as is shown in

Fc � KHδ
e
c + CcVc, (3)

where Fc is the contact force between roof and top beam, KH
is the plane contact impact stiffness (contact stiffness of
collider surface), δc is the normal penetration depth of
contact member, e is the stiffness to force contribution gain,
Cc is the damping coefficient of the contact member, and Vc
is the normal relative velocity of the contact member.

*e frictional force of the collision adopts Coulomb
friction model, as is shown in

Fcf � Fcfc. (4)

Based on the above contents, a numerical simulation
model is established by ADAMS software, as is shown in
Figure 1.

3. Adaptability Analysis of Hydraulic
Support with Impact Load Acting on
Top Beam

3.1. Definition of Load’s Position and Size. Based on the
numerical simulation model mentioned above, the working
height of the hydraulic support is set as 7m from the
perspective of rigid-flexible coupling analysis. In order to
simulate the impact load on the upper surface of the top
beam, point load is adopted directly on the top beam after
the simulated roof failure treatment. Firstly, the loading
position of each impact load is defined. With a total of 30
impact load loading positions, the width direction of the top
beam of the hydraulic support is defined at the interval of
350mm, and the length direction is defined at the interval of
914mm. Secondly, the coordinate system is established on
the upper surface of the top beam, as is shown in Figure 2,
whereX coordinate axis represents the width direction of the
top beam, Y coordinate axis represents the length direction
of the top beam, and the origin O of the coordinate system is
at the center of the width direction of the top beam. Finally,
the loading position of each load is numbered according to
the coordinate system. Along the X-axis direction, each
impact load position is defined as (−2, Y) to (2, Y), and along
the Y-axis direction, each impact load position is defined as
(X, 1) to (X, 5).

In order to simulate a certain roof force that the hy-
draulic support has already borne before the roof fracture

posing the impact load on the support, the STEP function is
firstly applied to the static load above the top beam until the
end of the simulation experiment, and the applied position is
at the maximum bearing load of the top beam with the load
size being 6000 kN. After the stress of each hinge and col-
umn with hydraulic support tend to be stable (about 1.5 s),
the STEP function is applied to impose the impact load from
1.5 s with the impact duration being 0.05s and the size being
1500 kN.

3.2. Support Adaptability Analysis of Top Beam Bearing Im-
pact Load at Different Positions. Based on the above simu-
lation settings, simulation experiments are carried out on the
loading points at each position successively. After imposing
the impact load, the steady-state response force and peak
response force of front and rear columns are obtained, as is
shown in Figures 3 and 4.

Table 1: Relevant parameters of front and rear columns.

Parameter Diameter of the primary
cylinder (mm)

Diameter of the secondary
cylinder (mm)

Diameter of the primary
column (mm)

Diameter of
the secondary
column (mm)

Front column 400 290 380 260
Rear column 320 230 290 210

1-simulated roof
2-equivalent column spring
3~6-flexible structure
7-rigid base

1

2

3

4

6

5

7

Figure 1: Numerical simulation model of hydraulic support.
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Figure 2: Loading position of top beam of hydraulic support.

Shock and Vibration 3



According to the analysis on Figures 3 and 4, the steady-
state response and the impact peak response of the front
column tend to possess basically the same variation trend
under the impact load. *e impact load on the front end of
the top beam is more intense than the impact pressure on the
front column caused by the back end of the top beam. At the
same time, the closer the impact load is to the front column
of one side in the width direction of the top beam, the greater
the pressure of the front column is under the impact load.
*e rear column of the hydraulic support is sensitive to the
impact load of the front and back ends of the top beam.
When the impact load is imposed at the back end of the top
beam, the back column will bear greater pressure. When the
impact load acts on the width direction of the top beam, the
closer position to the column will cause the sharp increase in

the load on the side rear column. Under the impact load of
this position, the front and rear columns requiring hydraulic
support should demand better impact adaptability.

*e adaptability of the hinged pin shaft of the other
structural parts of the hydraulic support to the impact load
of the top beam is evaluated mainly by its response to the
impact load.*erefore, in order to better evaluate the impact
adaptability, the impact coefficient I and the excitation
coefficient E are introduced to transform the analysis results.
*e transformation equation is shown in

I(X,Y) �
Fmax − Fo

FI

, (5)

E(X,Y) �
Fmax − Fs

Fs




, (6)
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Figure 3: Response force of one side front column of hydraulic support. (a) Steady state response force of unilateral front column. (b) Peak
response force of unilateral front column.
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Figure 4: Response force of one side rear column of hydraulic support. (a) Steady state response force of unilateral rear column. (b) Peak
response force of unilateral rear column.
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where I(X,Y) is the impact response coefficient of the pin at
the hinge when the impact load is applied to the position
(X,Y) of the top beam, E(X,Y) is the excitation response
coefficient at the component hinge when the impact load is
applied to the position (X,Y) of the top beam, Fmax is the
peak response force of the corresponding hinge point under
external impact load, Fo is the size of the steady-state re-
sponse force at the hinge point under static load when the
hydraulic support is only subjected to static load, Fs is the
steady-state response forces at the hinge points after the
impact load is applied to the top beam, and FI is the size of
the applied impact load.

When the external impact load acts on the top beam at
different positions, the impact response and excitation re-
sponse at the hinge point will get different feedback results.
Based on this, the impact adaptability of the bracket hinge
point under the impact position can be evaluated. *e re-
sponse characteristics of the hinge point between the top
beam and the shield beam under impact load are shown in
Figure 5.

According to the impact response coefficient, when the
impact load acts on the front end of the top beam and is close
to the side hinge point in the width direction, the stress
increase at the hinge point is larger, and the pin shaft is
prone to fracture and damage. When the impact load acts on
the back end of the top beam, the stress variation amplitude
is relatively small, requiring the low load requirement on the
hinge pin bearing. Combined with the analysis of impact
response coefficient and excitation response coefficient of
the hinge point of the top beam-shield beam, it can be
concluded that when the impact load acts on the front end of
the top beam, the stress of the hinge point fluctuates greatly
with high sensitivity degree, and the pin shaft is prone to
damage and fail. *erefore, when the impact load acts on the
back end of the top beam, the impact load adaptability of the
hinge point is relatively good.

*is paper analyzes the shield beam and front-rear
connecting rod hinge point. When the top beam of the four-
link mechanism is subjected to impact load, the adaptability
analysis results are shown in Figures 6 and 7. According to
analysis, in the design optimization process of the hydraulic
support, it should be noted that when the impact load acts on
the front end of the top beam, the forces at the hinge points
of the front and rear connecting rods both increase greatly.
At this time, the hinge points of the front and rear con-
necting rods should be able to bear large loads to meet the
requirements of use.

To be concluded, when the impact load acts on the front
end of the top beam, the impact response forces at the hinge
points of the front and rear connecting rods are obvious, and
the response is more sensitive than that of the shock load
acting on the back end of the top beam. Due to the high
additional load borne by the four-link mechanism of the
hydraulic support, the impact effect and excitation effect are
not obvious when the impact load changes along the width
of the top beam. *erefore, when the impact load moves
along the width of the top beam, the four-link mechanism
has a better ability to resist the partial load effect with a better
impact load adaptability. According to the comparative

analysis of front and rear connecting rods, it can be con-
cluded that the impact adaptability of the rear connecting
rod hinge point is more stable than that of the front con-
necting rod.

4. Adaptability Analysis of Hydraulic
Support with Impact Load Acting on
Shield Beam

4.1. Definition of Load’s Position and Size. In order to
comprehensively analyze the adaptability of the impact
dynamic load at the hinge of the main component of the
hydraulic support when the impact load acts on the shield
beam under a variety of falling conditions, this section
carries out simulation experiments by applying the impact
load to the upper surface of the shield beam in the way of
taking points at equal spacing.*irty loading point positions
are taken on the upper surface of the shield beam of the
bracket. Meanwhile, a coordinate system is established on
the upper surface with O as the origin (O point was the
central position in the direction of the width of the shield
beam). X-axis represents the direction of the width of the
shield beam, and Y-axis represents the direction of its length.
And each loading position is numbered, as is shown in
Figure 8. Along the width direction of the shield beam, each
position is defined as (−2, Y) to (2, Y), and along the length
of the shield beam, the positions of each impact load are
defined as (X, 1) to (X, 5).

According to the above definition method, impact loads
are applied to 30 positions successively in the same way as
the loading method of the top beam. *e STEP function is
adopted to control the static load of 6000 kN, impact load of
1500 kN, load direction of vertical downward, and time of
0.05 s, so as to obtain the adaptability of the bracket when the
shield beam is imposed with impact load.

4.2. Adaptability Analysis of the Support with Impact Load
Imposed on Shield Beam at Different Positions. When the
shield beam is subjected to impact load, the stress analysis
results of the front and rear columns are shown in Figures 9
and 10. According to the analysis of the variation rule of the
steady-state response force of the front and rear columns in
the two figures, it can be concluded that the impact load on
the shield beam will decrease the pressure on the front
column and increase the pressure on the back column in
most cases, which means that when the impact load is large
enough, it will further promote the unstable attitude of the
head of the top beam of the hydraulic support, or even the
overflow of the back column will occur, reducing the
adaptability of the support to the roof load.

According to the analysis of the variation rule of the peak
response force of the front and rear columns in the two
figures, it can be concluded that the difference between the
peak response force and the steady-state response force of
the front column is larger than that in the front of the shield
beam behind the upper surface of the shield beam, and the
shock effect is more pronounced than other positions. It is
shown that the adaptability of the hydraulic support is
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Figure 5: Response coefficient of hinge joint between top beam and shield beam. (a) Impact response coefficient between top beam and
shield beam. (b) Excitation response coefficient between top beam and shield beam.
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Figure 6: Response coefficient of hinge joint of front connecting rod. (a) Impact response coefficient of the front connecting rod. (b) Excitation
response coefficient of the front connecting rod.
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Figure 7: Response coefficient of hinge joint of rear connecting rod. (a) Impact response coefficient of the rear connecting rod. (b) Excitation
response coefficient of the rear connecting rod.
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relatively poor when the impact load is applied at this po-
sition. *e peak response force of the rear column presents
obvious impact fluctuation effect at the rear position of the
shield beam; that is, compared with the front end of the
shield beam, the rear column needs to have better impact

adaptability when the impact load is applied at the back end
of the shield beam.

*e adaptability of the hinge pin of other structural parts
of the hydraulic support to the impact load of the shield
beam is also evaluated by the impact coefficient I and the
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Figure 8: Loading position of shield beam of hydraulic support.
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Figure 9: Response force of one side front column of hydraulic support. (a) Steady state response force of unilateral front column. (b) Peak
response force of unilateral front column.
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Figure 10: Response force of one side rear column of hydraulic support. (a) Steady state response force of unilateral rear column. (b) Peak
response force of unilateral rear column.
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excitation coefficient E in the upper section. *e response
coefficient at the hinge of the top beam-shield beam is shown
in Figure 11.

By observing the variation law of impact response co-
efficient in Figure 11(a), it can be concluded that the overall
variation trend augments with the increase of impact load
position along the positive direction of X- and Y-axes.
Combined with the analysis of excitation response coeffi-
cient in Figure 11(b), it can be concluded that when the
impact load acts on the shield beam, the hinged joints of the
top beam and the shield beam have relatively good impact
adaptability.

*e response of the hinge of the four-link mechanism of
the shield beam under impact load is shown in Figures 12
and 13. Based on the comparative analysis of the impact
response coefficient in the two figures, it reinforces that
along the width direction of the shield beam (X-axis di-
rection), the change of the impact load position has minor
influence on the impact response coefficient, indicating that
the front and rear connecting rods have certain resistance to
partial load.*e front and rear connecting rods change from
the tension state to the compression state under the action of
only static load; thus, when the impact load is large enough,
the front and rear connecting rods will show the com-
pression state. From the perspective of impact response
coefficient, when the front of the shield beam is subjected to
impact load, the force change is small with a relatively good
adaptability to impact load.

When the position of the impact load changes along
the width of the shield beam, the overall effect on the
excitation response coefficient is not significant. Only
when the impact load acts behind the shield beam at the
hinge of the front and rear connecting rod (the side on
which the Y-axis coordinates tend to 0) does the exci-
tation coefficient fluctuate to a certain extent. When the
position of impact load is close to the rear of shield beam,
the hinge point of front and rear connecting rods is more
sensitive to impact, and the response force of impact peak
fluctuates greatly. After analyzing the impact response
coefficient and excitation response coefficient of the hinge
of front and rear connecting rods, it can be concluded
that under the premise of impact load acting on the shield
beam, when the impact position is close to the rear of the
shield beam, the impact adaptability is poor compared to
that of the impact position close to the front of the shield
beam. In the design and optimization process of the
support, the use requirements under this situation should
be ensured.

5. Adaptability Analysis of Hydraulic
Support under Different Impact Loads

In order to explore the adaptive change law of the impact
dynamic load of the support under various impact condi-
tions, the numerical simulation model mentioned above is
adopted to conduct a detailed comparative analysis by taking
different impact loads acting on the top beam of the hy-
draulic support as an example. *e impact position of the
middle line position in the width direction of the top beam is

defined by taking points at equal spacing, as is shown in
Figure 14.

*e coordinate system is established with the upper
surface of the top beam as the reference plane. X coordinate
axis represents the width direction of the top beam, Y co-
ordinate axis represents the length direction of the top beam,
and the origin of the coordinate system O is at the center of
the width direction of the top beam. On the Y coordinate
axis, the points are taken at an equal interval of 914mm, and
the points are numbered.

5.1. Adaptability Analysis of Support under Different Impact
Strengths. In order to explore the adaptive change law of the
bracket under different impact strengths, the STEP function
is used to apply impact loads to five positions on the upper
surface of the top beam in combination with the above
simulation model. Among them, the size of the control load
is a single variable, and the impact velocity and other factors
remain unchanged. *e impact loads are 1500 kN, 2000 kN,
and 2500 kN, respectively, and the impact time is 0.05 s. *e
change rule of the front and back columns with the hydraulic
support under different impact loads is shown in Figures 15
and 16.

According to the analysis results, the impact response
force of the front and rear columns endures impacts of the
impact load, and the increase of the impact load will make
the tension or compression of the column suffer more se-
rious consequences, or even cause the failure of the column.
*e difference is that when the impact load acts on the front
end of the top beam, the front column is more sensitive to
the change of the impact load, and when the impact load acts
on the front and rear ends of the top beam, the back column
is relatively sensitive to the change of the impact load.

*e response law of each hinge is simulated and analyzed
by using the same impact load with specific results shown in
Tables 2–4. *e results show that the impact response co-
efficient basically does not change with the change of the size
of the load; that is, the impact response force of the pin at the
hinge is proportional to the size of the impact load, and the
force at the component hinge will increase proportionately
with the increase of the impact load.

*e response results of excitation coefficient at the hinge
of each component with the increase of impact load are
shown in Figure 17. From the perspective of excitation
response coefficient, the response coefficients of the hinge
between the top beam and the shield beam, the front
connecting rod and the shield beam, and the rear connecting
rod and the shield beam are all affected by the impact load
and become larger with the augment of the impact load,
which makes the force fluctuation of each hinge become
larger, reducing the adaptability of the hydraulic support to
the impact dynamic load.

5.2. Adaptability Analysis of Support under Different Impact
Velocities. By changing the loading time in STEP function,
the adaptability of hydraulic support to impact dynamic load
under different impact velocities is simulated. *e impact
time is set as 0.05 s, 0.03 s, and 0.01 s, respectively, the impact
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Figure 11: Response coefficient of hinge joint between canopy and goaf shield. (a) Impact response coefficient of top beam and shield beam.
(b) Excitation response coefficient of top beam and shield beam.
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Figure 12: Response coefficient of hinge joint of front connecting rod. (a) Impact response coefficient of the front connecting rod.
(b) Excitation response coefficient of the front connecting rod.
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Figure 13: Response coefficient of hinge joint of rear connecting rod. (a) Impact response coefficient of rear connecting rod. (b) Excitation
response coefficient of the rear connecting rod.
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Figure 14: Position of impact load on canopy.
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Figure 15: Response force of one side front column of hydraulic support. (a) Steady state response force of unilateral front column. (b) Peak
response force of unilateral front column.
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Figure 16: Response force of one side rear column of hydraulic support. (a) Steady state response force of unilateral rear column. (b) Peak
response force of one side rear column.
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Table 2: Impact response coefficient at the joint of canopy and goaf shield.

Position (0, 0) (0, 1) (0, 2) (0, 3) (0, 4) (0, 5)
Load size 1500 kN 0.094 0.070 0.097 0.130 0.166 0.202
Load size 2000 kN 0.095 0.070 0.097 0.131 0.167 0.203
Load size 2500 kN 0.96 0.070 0.098 0.131 0.167 0.203

Table 3: Impact response coefficient of hinge joint of front connecting rod.

Position (0, 0) (0, 1) (0, 2) (0, 3) (0, 4) (0, 5)
Load size 1500 kN 0.161 0.360 0.553 0.743 0.946 1.150
Load size 2000 kN 0.161 0.360 0.554 0.744 0.947 1.151
Load size 2500 kN 0.162 0.361 0.554 0.744 0.947 1.152

Table 4: Impact response coefficient of hinge joint of rear connecting rod.

Position (0, 0) (0, 1) (0, 2) (0, 3) (0, 4) (0, 5)
Load size 1500 kN 0.150 0.334 0.513 0.689 0.876 1.066
Load size 2000 kN 0.150 0.334 0.513 0.689 0.877 1.067
Load size 2500 kN 0.150 0.334 0.513 0.690 0.878 1.068
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Figure 17: Continued.
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load is set as 1500 kN, and other control conditions remain
unchanged.*e variation rule of steady-state response forces
of front and rear columns is shown in Tables 5 and 6.

By analyzing the data in Tables 5 and 6, the steady-state
impact response forces of the front and rear columns are not
affected by the impact load velocity, and the steady-state
force values at the hinge points of other components are not
changed with the impact load velocity. It can be implied that
the top pressure velocity will not affect the final steady-state
force of the hydraulic support. From the perspective of the
steady-state response, it will not exert an impact on the
impact adaptability of the support.

*e variation rule of the impact peak response force of
the front and rear columns is illustrated in Figure 18.
Combined with the peak response force analysis of the front
and rear columns, the impact velocity has faint effect on the
column in general. When the impact load point is positioned
close to the front end of the top beam, the acceleration of the
impact velocity will make the force fluctuation of the column

larger before columns reach to the steady-state force, thus
resulting in the decrease of the impact adaptability of the
support.

*e variation rule of impact response at the hinge of top
beam and shield beam is shown in Figure 19. As can be seen
from the figure, the acceleration of impact speed will lead to
the increase in the stress at the hinge point of the top beam
and the shield beam, and the peak value of impact response
force, which will call for higher requirements for the use of
the articulated pin shaft here. In addition, the front-end
position of the top beam is sensitive to the velocity change of
the impact load.When the impact load acts on this point, the
increase of the impact velocity will greatly reduce the
adaptability of the impact dynamic load at the hinge point.

*e response coefficient of the front and rear connecting
rods at the hinge point of the shield beam varies with the
impact velocity with its change rule shown in Figures 20 and
21. Combined with the comparative analysis of impact re-
sponse coefficient and excitation response coefficient, it can
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Figure 17: Excitation response coefficient of each hinge point. (a) Excitation response coefficient of top beam and shield beam. (b) Excitation
response coefficient of the front connecting rod. (c) Excitation response coefficient of the rear connecting rod.

Table 5: Steady state response force of front column.

Position (0, 0) (kN) (0, 1) (kN) (0, 2) (kN) (0, 3) (kN) (0, 4) (kN) (0, 5) (kN)
Impact time 0.05 s 1514.2 1992.2 2470.1 2927.5 3405.8 3884.4
Impact time 0.03 s 1514.2 1992.2 2470.2 2927.5 3405.8 3884.3
Impact time 0.01 s 1514.1 1992.1 2470.1 2927.4 3405.7 3884.4

Table 6: Steady state response force of rear column.

Position (0, 0) (kN) (0, 1) (kN) (0, 2) (kN) (0, 3) (kN) (0, 4) (kN) (0, 5) (kN)
Impact time 0.05 s 2396.7 1928.5 1460.2 1012.1 543.33 74.38
Impact time 0.03 s 2396.6 1928.5 1460.3 1012.1 543.34 74.38
Impact time 0.01 s 2396.7 1928.4 1460.3 1012.1 543.33 74.36
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be concluded that the stress at the hinge point of the front
and rear connecting rods will extend due to the increase of
the impact load velocity caused by the roof compression, and
the stress fluctuation at the hinge point will become larger,
resulting in the bad stress at the hinge point. When the

impact load acts on the front end of the top beam, the impact
velocity has a great influence on the dynamic load adapt-
ability of the front and rear connections and rod hinged
joints. *e acceleration of the impact velocity will greatly
weaken the dynamic load adaptability of the top beam.
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Figure 18: Peak response force of one side column of hydraulic support. (a) Peak response force of unilateral front column. (b) Peak
response force of unilateral rear column.
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Figure 19: Response coefficient of hinge joint between canopy and goaf shield. (a) Impact response coefficient of top beam and shield beam.
(b) Excitation response coefficient of top beam and shied beam.
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Figure 20: Response coefficient of hinge joint of front connecting rod. (a) Impact response coefficient of the front connecting rod. (b) Excitation
response coefficient of the front connecting rod.
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Figure 21: Response coefficient of hinge joint of rear connecting rod. (a) Impact response coefficient of rear connecting rod. (b) Excitation
response coefficient of the rear connecting rod.
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6. Conclusions

(1) When the same impact load acts on different posi-
tions of the top beam of the support, the closer the
impact load is to a column, the greater the change of
the steady-state response force of the column will be.
*e impact load changes the steady-state response
force of the column; however, compared with and
the hinged part of other components, the difference
between the peak response force and the steady-state
response force is always small with the slight force
fluctuation. *e impact adaptability of each hinge of
other components is poor when the impact load acts
on the front end of the top beam, with a due full
consideration given to the process of designing and
optimizing the hydraulic support.

(2) When the same impact load acts behind the shield
beam, the steady-state response force of the front
column is greatly affected. Additionally, when the
impact load acts on the front of the shield beam, the
steady-state response force of the rear column is
greatly affected. Moreover, the difference between
the peak response force and the steady-state response
force of the front and rear columns is still slight.
Other hinged joints have the same response char-
acteristics; that is, when the impact load is positioned
in front of the shield beam, the impact response is
obvious; and when the impact load acts behind the
shield beam, the excitation response is evident.
*erefore, in the process of using the hydraulic
support, its impact adaptability characteristics
should be considered comprehensively to ensure that
the pins meet the requirements of use.

(3) Taking the impact load acting on the top beam as an
example, it can be concluded that the increase of the
compressive strength and speed of the roof generally
has a great impact on the impact adaptability of the
hydraulic support column and the pin shaft at each
hinged part, which will reduce the impact dynamic
load adaptability, more easily leading to the column
damage under tension and compression and the pin
shaft wear and fracture failure. *erefore, in the
process of working face mining, changing the roof
stress conditions by means of high-pressure water
injection should be taken into consideration for
controlling the gradual and slow release of roof stress.

Abbreviations

A: Effective pressure area in the hydraulic cylinder
Cc: Damping coefficient of the contact member
e: Stiffness to force contribution gain
E(X,Y): Excitation response coefficient at the component

hinge when the impact load is applied to the position
(X,Y) of the top beam

Fc: Contact force between roof and top beam
FI: Size of the applied impact load
Fmax: Peak response force of the corresponding hinge point

under external impact load

Fo: Size of the steady-state response force at the hinge
point under static load when the hydraulic support is
only subjected to static load

Fs: Steady-state response forces at the hinge points after
the impact load is applied to the top beam

I(X,Y): Impact response coefficient of the pin at the hinge
when the impact load is applied to the position (X,Y)
of the top beam

k: Stiffness coefficient of the equivalent spring
k: Stiffness coefficient of two-stage hydraulic cylinder

series equivalent spring
k1: Equivalent stiffness coefficient of primary cylinder
k2: Equivalent stiffness coefficient of secondary cylinder
KH: Plane contact impact stiffness
Ly: Length of effective liquid column in hydraulic

cylinder
Vc: Normal relative velocity of the contact member
δc: Normal penetration depth of contact member
η: Bulk modulus of elasticity of hydraulic fluids.
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