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1. Introduction 

Coal dominates the energy ecosystem in China, 

and coal mines continue to be exploited on a large scale. 

However, coal mining is becoming increasingly difficult 

and the number of underground accidents has increased sig-

nificantly [1, 2] As the main provision for working face sup-

port, hydraulic supports are of great importance to the safety 

of underground mining. Rock blasts are major events, and 

typically have a great impact on the hydraulic bracket caus-

ing the hydraulic legs to bend and affecting its function. 

Therefore, it is important to develop impact-resistant hy-

draulic supports for safe mining at the working face [3-5]. 

To improve the safety of underground operation, 

some scholars have proposed an anti-impact energy absorp-

tion structure that can be used as hydraulic support. Based 

on the combination of dynamic analysis and static analysis, 

Pan [6-10] designed an energy absorbing member nested in 

the bottom side of the hydraulic support hydraulic leg, 

which reduced the impact damage to the support through the 

large deformation of the structure, Xu [11] analyzed their 

influence on the impact strength of the multilateral honey-

comb structure from the perspective of unit size and relative 

density through the impact test. Xiong [12] studied the in-

fluence of the number and location of holes on the mechan-

ical properties of honeycomb structures by combining ex-

periment and simulation. Hou [13] studied the shear perfor-

mance and compression performance of hexagonal honey-

comb structures under quasi-static and impact states. Li [14] 

used FEM to analyze the influence of the stroke speed on 

the energy absorption of foam structure. Yungwrith [15] 

constructed a honeycomb-filled sandwich structure and an-

alyzed the change process of impact energy through the bal-

listic test. 

At present, most research on impact resistant hy-

draulic support focuses on roadway support, while less re-

search has been done on working face support. In this paper, 

a honeycomb structure is proposed, and the dynamic model 

of a Single Hydraulic Support is constructed using FEM. 

The energy absorption effect of the honeycomb structure 

with different geometric parameters is studied, and the in-

fluence of each parameter on the energy absorption perfor-

mance is analyzed to arrive at the final optimization scheme, 

which provides theoretical guidance for the working face 

support. 

 

2. Anti-impact and energy-absorbing structure model 

of hydraulic support 

The hydraulic support model is shown in Fig. 1, 

including the structure of the top plate, hydraulic legs, base 

and pins. In order to improve the calculation efficiency, the 

hydraulic support structure is simplified, and the hydraulic 

legs, main roof, and other supporting structures are retained. 

 

Fig. 1 Schematic diagram of hydraulic support structure 

2.1. Simplified mechanical model of hydraulic support 

 

The simplified hydraulic support model is shown 

in Fig. 2. Points a and b are the two ends of the roof, and 

point c is the joint between the hydraulic leg and roof, which 

is regarded as the particle point. f1 is the resultant force on 

the hydraulic support of ac length, f2 is the force on the sim-

plified top beam model, f3 is the resultant force on the hy-

draulic support of db section, where ac length e1 = 3064 mm.  

 

Fig. 2 Simplified mechanical model of hydraulic support 

The length of section db is e2 = 1029 mm, and the 

rated working resistance of the hydraulic support is the hy-

draulic leg supporting force of 10800 kN. Due to the support 

of the coal and rock mass, the stress on the top beam of the 

hydraulic support is regarded as equal load. According to 
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the proportional relationship, f1 = 7.16 f2, f3 = 2.07 f2, the 

force f1 is equivalent to the force at point c, and the moment 

is calculated at point b, f3 is equivalent to point c: 

 1 1 3 32561 1029,    3578.35 3064,c cf f f f =   =   (1) 

 

where: fc1 = 2.489 f1, fc3 = 1.13 f3. 

Similarly, the force ratio of the simplified model in 

the width direction is 0.3531. Since the model has a single 

hydraulic leg, the rated working resistance of the simplified 

model is 90 kN. The hydraulic system of the hydraulic leg 

is modelled as a spring system, and the stroke of the hydrau-

lic leg piston is 600 mm, so the spring stiffness is 150 N/mm. 

2.2. Simplified mechanical model of hydraulic support 

As shown in Fig. 3, the impact-resistant structure 

is the honeycomb sandwich structure inside the roof. As the 

height of the hydraulic support is limited, the height of the 

sandwich is set as 20 mm, where a and t represent the cell 

size and cell thickness, a = 9 mm, t = 0.2 mm, respectively. 

 

 

Fig. 3 Honeycomb structure model 

 

Honeycomb structure 

 

                Hydraulic leg                       Roof 

Fig. 4 Meshing model of main components 

The shell cell is used to divide the honeycomb 

structure, while the hexahedral cell is used to divide the 

roof, hydraulic legs, and other structures. The meshing 

model of the main components is shown in Fig. 4. Fixed 

constraints were added at the bottom of the column, and dis-

placement constraints were added to the honeycomb struc-

ture to restrict other degrees of freedom except in the verti-

cal direction. 

3. Study of influence factors of energy absorption struc-

ture performance of hydraulic support 

Taking the stress effect of the hydraulic leg and 

honeycomb structure as research indexes, the influence of 

structural parameters on the energy absorption effect of hon-

eycomb structure was analyzed by the control variate 

method, taking cell size, cell thickness, and cell height as 

variables. 

3.1. Effect of Cell size on anti-impact performance 

 

The parameters of the cell structure are shown in 

Table 1. Since the cell thickness is much smaller than the 

other two dimensions, the shell unit is used to simulate the 

cell structure and divide a total of 770,776 elements, with an 

impact time of 0.05 s. 

Table 1 

Model parameter table with different cell size 

Cell size 
Cell  

thickness 
Cell height Impact velocity 

Impact 

time 

6 mm 0.2 mm 20 mm 200 mm/s 0.05 s 

9 mm 0.2 mm 20 mm 200 mm/s 0.05 s 

12 mm 0.2 mm 20 mm 200 mm/s 0.05 s 

As the main supporting structure of the hydraulic 

support, the hydraulic leg is the main stress point. Therefore, 

the stress fields on the hydraulic leg in different cell models 

are extracted for comparison, and the stress of the hydraulic 

leg is mainly concentrated at the joint with the roof. When 

the cell size is 6 mm, 9 mm, and 12 mm, the force on the 

hydraulic leg is 136.1 MPa, 39.61 MPa and 60.74 MPa, re-

spectively. In the model with the 9 mm cell size, the stress 

on the hydraulic leg decreases by 70% and 55%, respec-

tively, compared with the model with 6 mm and 12 mm cell 

size. With the increase in cell size, the stress on the hydrau-

lic leg decreases first and then increases. 

To reflect the stress variation of the hydraulic leg 

during the whole impact process, the stress and displace-

ment of the node at the connection between the hydraulic 

leg and roof are extracted as shown in Fig. 5. 

The force on the hydraulic leg is small within 0‒

0.025 s, when the cell size is 6 mm, the hydraulic leg stress 

increases the fastest and the maximum is 142.6 MPa, which 

is much higher than the other two models. There is little dif-

ference in the collapse deformation before impact at 0.1s, 

and the displacement varies gradually after 0.1s. The defor-

mation of the cell structure with 12 mm size is larger than 

that of the other two groups of models, and the maximum 

displacement is 16.23 mm. 

The displacement of the roof and honeycomb 

structure are shown in Table 2; when the cell size increased, 

the hydraulic leg stress first decreased and then increased, 

and the displacement of the roof showed a decreasing trend, 

while that of the honeycomb structure showed an increasing 

Cellular size

Cellular 

thickness

Cellular 

Height

t

a
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trend. Based on the calculation result, the honeycomb struc-

ture has the best impact resistance when the hole cell size is 

9 mm. 
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Fig. 5 Hydraulic leg stress and displacement curve 

Table 2  

Simulation results of different cell size models 

Cell size 
Hydraulic 

leg stress 

Roof displace-

ment 

Honeycomb 

displacement 

6 mm 142.6 MPa 0.5903 mm 15.53 mm 

9 mm 64.54 MPa 0.4066 mm 16.03 mm 

12 mm 73.20 MPa 0.3135 mm 16.23 mm 

3.2. Effect of cell thickness on anti-impact performance 

In this section, the effect of cell thickness on the 

impact resistance of the hydraulic support is studied for the 

honeycomb structure with a cell size of 9 mm and cell height 

of 20 mm. The cell thickness is 0.2, 0.4, and 0.6 mm, re-

spectively. The boundary conditions are shown to Table 1. 

When cell thickness is 0.2, 0.4, and 0.9 mm, the 

hydraulic leg stress is 39.61, 75.58 and 151 MPa, respec-

tively. When the thickness of the cell is 0.2 mm, the stress 

on the hydraulic leg decreases 48% and 74%, respectively, 

compared with when the thickness of cell is 0.4 and 0.6 mm. 

With the increase in cell thickness, the stress on the hydrau-

lic leg increases. The impact resistance of the honeycomb 

structure reduces with the increase in cell thickness. The 

stress and displacement of the node at the connection be-

tween the hydraulic leg and roof are extracted as shown in 

Fig. 6. 

Within 0‒0.025 s, the whole structure is in the elas-

tic range, and the stress and displacement do not change 

much. It is worth noting that the hydraulic leg stress in the 

model of cell thickness of 0.2 mm is greater than the other 

two models, and the growth trend is much smaller than the 

others. After 0.01 s, the hydraulic leg stress shows an obvi-

ous growth for the 0.6 mm model with cell thickness, the 

growth trend of hydraulic leg stress is far greater than the 

other two models. This is mainly because the structural stiff-

ness increases with the increase in thickness, and the honey-

comb structure absorbs less energy. At this point, the roof 

displacement changes the most. Table 3 shows the displace-

ment of the roof and honeycomb structure. In order to ensure 

the maximum absorption energy of the honeycomb structure 

and reduce the stress on the hydraulic leg, the structure has 

the best impact resistance when the cell thickness is 0.2 mm. 

S
tr

es
s/

×
10

8
(P

a)

0.2mm

0.4mm
0.6mm

0.5

1

1.5

2

0 0.005 0.01 0.015 0.02 0.025 0.03 0.035 0.04 0.045 0.05

 

0.8

1.2

D
is

pl
ac

em
en

t/
m

m

0.2mm

0.4mm

0.6mm

1.0

0.6

0.4

0.2

0 0.005 0.01 0.015 0.02 0.025 0.03 0.035 0.04 0.045 0.05

 

Fig. 6 Hydraulic leg stress and displacement curve 

Table 3 

Simulation results of different cell wall thickness models 

Cell 

thickness 

Hydraulic 

leg stress 

Roof displace-

ment 

Honeycomb 

displacement 

0.2 mm 64.54 MPa 0.4066 mm 16.03 mm 

0.4 mm 122.8 MPa 0.7042 mm 15.13 mm 

0.6 mm 207.3 MPa 1.046 mm 14.29 mm 

3.3. Effect of cell height on anti-impact performance 

This section studies the effect of cell height on the 

impact resistance of hydraulic support when cell size (9 

mm) and thickness (0.2 mm) are constant. According to the 

actual supporting environment of the coal mine, the cell 

height is selected as 15 mm, 20 mm, and 25 mm. The bound-

ary conditions are equivalent to Table 1. 

 

 

Fig. 7 Hydraulic leg stress and displacement curve 

S
tr

es
s/

×
1
0

7
(P

a)

15mm

20mm
25mm

1

3

6

2

4

5

7

0 0.005 0.01 0.015 0.02 0.025 0.03 0.035 0.04 0.045 0.05

8

12

D
is

pl
ac

em
en

t/
m

m

10

6
4

2

15mm

20mm
25mm

16

14

18

0 0.005 0.01 0.015 0.02 0.025 0.03 0.035 0.04 0.045 0.05



 304 

When cell height is 15, 20, and 25 mm, the stress 

on the hydraulic leg is 44.91, 39.61, and 44.51 MPa, respec-

tively. In the model with cell height of 20 mm, the hydraulic 

leg stress is the least, which decreases by 11.8% and 10.9% 

when the cell height is 15 mm and 25 mm, respectively. 

Therefore, with the increase in cell height, the stress in the 

hydraulic leg decreases first and then increases. 

The stress and displacement of the node at the con-

nection between the hydraulic leg and roof are extracted as 

shown in Fig. 7. 

In the three models, the stress on the hydraulic leg 

is small before 0.005 s, and then shows an increasing trend 

of varying degrees. After 0.025 s, the hydraulic leg stress of 

the three models increases gradually with the same value 

and reaches the maximum stress value at 0.035s. When the 

cell height is 20 mm, the deformation of the honeycomb 

structure is the largest (16.03 mm), and with the increase of 

cell height, the displacement of the honeycomb structure in-

creased significantly and then decreased. Table.4 shows the 

displacement of the roof and honeycomb structure in the 

three models, and the honeycomb structure has better energy 

absorption effect when the cell height is 20 mm. 

Table 4 

Simulation results of different cell height models 

Cell 

height 

Hydraulic leg 

stress 

Roof dis-

placement 

Honeycomb 

displacement 

15 mm 56.64 MPa 1.602 mm 15.83 mm 

20 mm 64.54 MPa 0.4066 mm 16.03 mm 

25 mm 65.08 Mpa 0.4898 mm 14.73 mm 

4. Research on energy absorption structure optimization 

of hydraulic support 

4.1. Evaluation of energy absorbing structure performance 

In order to reduce the damage to the hydraulic sup-

port by rock blast, the honeycomb structure should maxim-

ize the absorption of energy brought about by the rock blast, 

and the energy absorption characteristic is the direct crite-

rion used to judge the performance of honeycomb structure. 

The absorption energy per unit mass is defined as: 

 
( )

( ) ,
EA d

SEA d
M

=  (2) 

where: M is the total mass of the structure, and EA is the 

total impact energy. 

The purpose of the honeycomb structure is to re-

duce the hydraulic leg stress, and the optimization function 

of honeycomb structure can be constructed based on the 

stress of hydraulic leg: 

 
( )  

,
. .  and n

L U

min x

s t x R x x x




  

 (3) 

where: xL and xU are the left and right boundaries of the de-

sign variables, respectively. For the honeycomb structure  

x = (D, L, p); D is cell size; L is cell thickness; p is cell 

height. The range of these three variables is designed ac-

cording to the previous impact response law, 8 mm   D 
 10 mm, 18 mm   L   22 mm, 0.1 mm   p  1.3 mm, and 

Eq. (3) can be written as: 

 

( )  

. .    8 mm 10 mm
.

         18 mm 22 mm

         0.1 mm 0.3 mm

min x

s t D

L

p




 


 
  

 (4) 

4.2. Orthogonal experimental design 

Three factor and three level orthogonal test is used 

to study the impact resistance of honeycomb structures with 

different geometric parameters. The three factors chosen for 

the test are A, the cell size, B, the cell wall thickness, and C, 

the cell height. Three levels are selected for each factor, and 

the values of the design variables are filled into the orthog-

onal table, respectively. The specific scheme is shown in 

Table 5. 

Table 5 

Orthogonal test scheme, mm 

Number Cell size Cell thickness Cell height 

1 1 1 1 

2 1 2 2 

3 1 3 3 

4 2 1 3 

5 2 2 1 

6 2 3 2 

7 3 1 2 

8 3 2 3 

9 3 3 1 

4.3. Results and analysis 

The roof displacement and hydraulic leg stress of 

different schemes are extracted using the range method, the 

range data is determined, and the optimal combination of 

each level factor within their respective index range is ob-

tained, as shown in Tables 6 and 7. 

Table 6  

Orthogonal test and range under stress index 

Test 
Factor 

Stress 
A B C 

1 1 1 1 1.617e+08 

2 1 2 2 6.376e+07 

3 1 3 3 6.549e+07 

4 2 1 3 3.127e+07 

5 2 2 1 3.041e+07 

6 2 3 2 5.438e+07 

7 3 1 2 3.476e+07 

8 3 2 3 3.285e+07 

9 3 3 1 3.845e+07 

K1 2.909e+08 2.277e+08 2.305+08  

K2 1.160e+08 1.270e+08 1.529e+08  

K3 1.061e+08 1.583e+08 1.296e+08  

K11 9.696e+07 7.590e+07 7.683e+07  

K22 3.866e+07 4.233e+07 5.096e+07  

K33 3.536e+07 5.276e+07 4.320e+07  

R 1.31e+07 2.536e+07 2.259e+07  

Weight of influencing factors B>C>A 

 

K1, K2, and K3 represents the index sum of each 

factor at the first, second, and third levels, respectively; K11, 

K22, and K33 represents the index average of each factor at 

the first, second, and third levels, respectively; R is the range 
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value of the evaluation index, and the larger the value, the 

greater the influence on the optimization target. As can be 

seen from Tables 6 and 7, cell thickness has the greatest im-

pact on impact resistance, considering the hydraulic leg 

stress and roof displacement as the evaluation indexes, the 

optimal combination is A2B2C1 and A3B1C1, respectively. 

Table 7 

Orthogonal test and range under displacement index 

Test 
factor 

Displacement 
A B C 

1 1 1 1 0.2699 

2 1 2 2 0.4710 

3 1 3 3 0.8470 

4 2 1 3 0.2628 

5 2 2 1 0.4490 

6 2 3 2 0.5574 

7 3 1 2 0.2259 

8 3 2 3 0.3921 

9 3 3 1 0.5869 

K1 1.5879 0.7586 1.3058  

K2 1.2692 1.3121 1.2543  

K3 1.2049 1.9913 1.5019  

K11 0.5293 0.2528 0.4352  

K22 0.4230 0.4373 0.4181  

K33 0.4016 0.6637 0.5006  

R 0.1277 0.4109 0.0825  

Weight of influencing factors B>A>C 

Matrix analysis was used to further explore the op-

timal combination of different parameters. Create the target 

matrix M, assuming that the orthogonal test is l factor m 

level, the mean value of evaluation index of factor Aj at the 

j-th level is kij. If the evaluation index is larger and better, 

then Ki= Kij(Conversely, take the reciprocal): 
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Assume that the range of the Ai factor is si, set 


=

=
l

i

iii ssS
1

, establish the matrix S of the level layer and 

the weight matrix of evaluation index ω. 

 
 

1 2

1 2

,

,

T

l

m

S S S S

MTS   

= 

= =
 

(6)
 

where: 11111 STK= , 111TK = 
=

m

j

ijKK
1

11  represent the propor-

tion of the first level value of factor A1 under the current 

evaluation index; iS = 
=

l

i

iss
1

1 represent the range propor-

tion of factor A1 under the current evaluation index; w1 re-

flects the range and degree of influence of each factor under 

the current evaluation index. According to the above for-

mula, the weight of each factor under the current index is 

calculated to determine the optimal combination. 

The stress on the hydraulic leg is taken as the eval-

uation index, and the weight matrix is: 

 

1 1 1 1

0.3438 0 0
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 (7) 

 

The roof displacement is taken as the evaluation 

index, and the weight matrix is: 

2 2 2 2

0.6298 0 0

0.7879 0 0

0.8299 0 0

0 1.3182 0

0 0.7621 0

0 0.5021 0

0 0 0.7658
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 (8) 
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The total weight matrix is obtained by taking the 

mean of the two indexes as the standard: 

 1 2

0.0144 0.0319

0.0360 0.0399

0.0393 0.0420

0.0357 0.2147
1

0.0636 0.1241
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 (9) 

According to the weight value, the importance of 

each factor under the current evaluation index can be ob-

tained as B>C>A. (cell thickness >cell side> cell height), 

and A3, B1, and C3 is the optimal combination. 

5. Conclusions 

To reduce the deleterious effects of rock burst on 

underground operation, a honeycomb anti-impact structure 

acting on the roof of the hydraulic support is proposed. The 

mechanical model of the hydraulic support was established, 

and the effect of geometric parameters on the impact re-

sistance of the honeycomb structure was studied. The hon-

eycomb structure was optimized by orthogonal test, and the 

following results were obtained: 

1. With the increase in cell size, the maximum 

stress of the hydraulic leg decreases first and then increases, 

and the roof displacement gradually decreases. The increase 

in cell thickness leads to a gradual increase in the maximum 

stress of the hydraulic leg, and the roof displacement de-

creases first and then increases. When the honeycomb 

height increases, the maximum hydraulic pushing stress in-

creases gradually, and the roof displacement decreases first 

and then increases. 

2. When the hydraulic leg stress was used as the 

evaluation index, the cell thickness had the greatest influ-

ence on the impact resistance of the structure, followed by 

the cell height. When roof displacement is considered the 

evaluation index, the cell thickness has the greatest influ-

ence, followed by cell size. Combined with the two evalua-

tion indexes, the order of influence of each factor was ob-

tained by matrix analysis: cell thickness > cell size > cell 

height. 
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Q. Zhang, B. Li, R. Zhang 

 

OPTIMIZATION OF ANTI-IMPACT ENERGY 

ABSORPTION STRUCTURE OF HYDRAULIC 

SUPPORT 

S u m m a r y 

Rock bursts are a frequent occurrence in deep coal 

mining, and reducing the risk of rock bursts is necessary for 

the safe and efficient mining of coal. As honeycomb struc-

tures have good impact resistance, the design suggests that 

a honeycomb structure is adopted in the roof. A mechanical 

model of the hydraulic support is established, and the influ-

ence of geometric parameters on the impact resistance of the 

honeycomb structure is studied. Finally, the orthogonal test 

method was used to analyze the influence and weight of the 

geometric parameters on the anti-impact performance of the 

honeycomb structure with hydraulic leg stress and roof dis-

placement as the evaluation indexes. This paper provides a 

new design idea for the research and development of an im-

pact resistance hydraulic support in the underground coal 

mine, which is significant in ensuring coal mine safety. 
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