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Highlights  Abstract  

Á This study addresses the often-neglected issue 

of pin clearance by developing a dynamic 

simulation model for hydraulic support using 

the Lankarani-Nikravesh (L-N) contact model. 

Hydraulic support behavior with pin clearance 

is analyzed through the simulation. 

Á A comparative assessment of bearing capacity 

of hydraulic support is conducted with and 

without clearance, highlighting the effects of 

clearance size and position on bearing capacity. 

Á An orthogonal test group is designed to explore 

bearing capacity of hydraulic support variation 

in multi-clearance coupling scenarios, 

underscoring the importance of investigating 

pin clearance. 

 The pin clearance is a significant factor affecting the bearing capacity of 

the hydraulic support, but the effect of the pin clearance is often 

neglected in the current studies. Therefore, on the basis of considering 

the Equal stiffness spring damping system of the column, the dynamic 

simulation model of the hydraulic support without clearance was 

constructed to study the static bearing capacity of the hydraulic support. 

Moreover, as per the contact model of the connecting pin clearance, the 

dynamic simulation model of the single-pin clearance hydraulic support 

was established. The effect of single pin clearance on the load of the 

front and rear columns of the hydraulic support and the transmission 

force at key bearing points was analyzed. Meanwhile, the influence of 

single pin clearance at different positions on the bearing capacity of the 

hydraulic support was compared. Through the design of orthogonal test, 

the change of the transmission force of the bearing points under the 

coupling of multi-pin clearance was studied. 
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1. Introduction  

Hydraulic support is one of the most crucial supporting devices 

in coal mine, its safe and efficient bearing capacity is extremely 

important to the security of coal mining and the personal safety 

of mine operators [27,31]. However, with the increase in the 

demand for coal mining, support and transportation adaptive 

collaborative construction of unmanned intelligent mining face, 

as well as deep coal mining and complex geological conditions, 

higher requirements are put forward for the bearing 

performance and bearing safety of hydraulic supports, which 

require better bearing performance and bearing reliability of 

hydraulic supports [17,25,26]. Therefore, it is very necessary to 

study the bearing performance of the hydraulic support, and it 

is of great significance to design and optimize the hydraulic 

support with better bearing performance and higher 

applicability. 

For the sake of optimizing and improving the bearing 

capacity of hydraulic support, a great deal of research has been 

done on the structure and working characteristics of the 

hydraulic support by many scholars. Meng [16] et al. studied the 

coupling response of the support under impact load through the 

machine-liquid coupling co-simulation technology, and pointed 

out that the front column is more sensitive to the impact load 
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and may reduce the hinge position of the support. Ren [20], 

Zeng [33], Bu [5] et al studied the response of various 

components of hydraulic support under dynamic load. Wang [28] 

and Wan [22] have done a great deal of study on the control of 

the surrounding rock and the stability of the hydraulic support, 

and gave important factors affecting the stability of large mining 

height hydraulic support. Cao et al. [6] studied the dynamic 

loading performance of hydraulic support under variable 

loading conditions and optimized the top beam structure. Wan 

[23] et al. analyzed the performance of the new equilibrium jack 

under the pressure bumping and concluded that the new 

equilibrium jack has better impact resistance. Wang [30] et al. 

investigated the stress response and working characteristics of 

the hydraulic support column. Hu et al. [12] indicated that the 

higher the acceleration of the hydraulic support lifting frame, 

the higher the impact on the force of each hinged joint and the 

bearing capacity of the support. Ge et al. [9] pointed out a 

method for adjusting the position of a hydraulic support group 

in the working face. Pang et al. [18] investigated the solution 

method of hydraulic support attitude and support height by 

using the stroke of jack. Zhang [35], Zeng [34], Wang [24] et al. 

proposed a variety of feasible monitoring methods for the 

attitude of hydraulic support group. Tian et al. [21] proposed a 

six-column backfill hydraulic support for supporting the roof of 

the working surface. Guan [10] et al. designed a double 

parallelogram structure hydraulic support and analyzed the 

working characteristics of the balancing jack and the column. 

Li [15] et al. studied and compared the load-bearing capacity of 

four-column and two-column caving hydraulic supports. 

To sum up, the current research on the bearing performance 

of hydraulic support is usually based on the premise of ignoring 

the connection pin shaft or not considering the pin clearance. 

For example, when using ADAMS and other software to study 

the dynamic characteristics of hydraulic support, in order to 

facilitate the establishment of simulation models or simplify the 

research, the pin connection unit is often equivalent to a rotating 

pair between two parts connected through the pin, and the 

influence of the assembly clearance between the pin and the ear 

seat on the performance of the hydraulic support is ignored. 

However, the clearance between the pin will cause  

a nonlinear dynamic response between the heavy-load 

mechanical connectors. The nonlinear contact behavior will 

cause a large contact force between the pin and the inner wall 

of the ear seat under the condition of a very small clearance, 

inducing contact deformation, and even irreversible 

deformation or damage in serious cases. As shown in Figure 1, 

in the actual working process, the hydraulic support will 

produce plastic deformation, leading to an increase in the 

clearance size of the pin. In severe cases, this deformation can 

even result in the fracture of the pin and the cracking of the ear 

seat, causing a failure in the support function of the hydraulic 

support. Moreover, it can pose significant safety risks when 

subjected to overload, wear, and rust. At the same time, the 

existence of pin connection clearance will change the 

transmission relationship between different components, thus 

increasing the movement instability during the lifting frame of 

hydraulic support, and affecting the attitude change of key 

bearing components such as the top beam, which will threaten 

the dynamic performance and support state of the support to  

a certain extent [29,32]. 

 

Fig. 1. pin connection of hydraulic support. 

Therefore, in an effort to study the effect of pin clearance on 

the bearing capacity of hydraulic support. Firstly, the column is 

equivalent to the Equal stiffness spring damping system, and the 

dynamic simulation model of the hydraulic support without 

clearance is constructed by ADAMS, which studies the static 

bearing capacity of the hydraulic support without clearance. 

Secondly, as per the Lankarani-Nikravesh (L-N) contact model 

[14] and the improved Coulomb friction model [1,2], a dynamic 

simulation model of single-pin clearance hydraulic support was 

built to analyze variation of the load on the front and rear 

columns and the transmission force at each bearing point under 
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single-pin clearance size. The effect of single pin clearance 

position change on the bearing capacity of the hydraulic support 

was also studied. Finally, through the design of orthogonal 

experimental group, the change of the transmission force of 

each bearing point of under the coupling condition of multi-pin 

clearance is studied. 

2. Static load bearing capacity of non-clearance hydraulic 

support 

2.1. Construction of Equal stiffness spring damping 

system of column 

Under normal circumstances, the hydraulic support be 

influenced by the complex load such as roof pressure and 

periodic pressure, which will cause the working load and the 

supporting height of the column to constantly change 

dynamically. Therefore, for the purpose of better simulate the 

dynamic changes of the column under the influence of external 

loads, the method of replacing the column with an equal-

stiffness spring damping system is used, as shown in Figure 2.  

The equivalent stiffness KC of the column can be calculated 

by the following as: 

ὑ     ρ 

where, Kc is the equivalent stiffness, N/m; E is bulk modulus of 

elasticity, Pa, choose 1.95³109 Pa; D is the bearing cavity 

diameter, m; L is the liquid column length, m. 

 

Fig. 2. Column equal stiffness spring damping system. 

According to the data in Table 1 and combined with formula 

1, it can be calculated that the equivalent stiffness of the front 

column is 9.69Ĭ107 N /m, and that of the rear column is 9.76Ĭ 

107 N /m.

Table. 1. parameters of front and rear column. 

Columns 
Bearing chamber 

diameter/mm 

Hydraulic rod 

diameter/mm 

Liquid column 

length/mm 

front columns 230 210 836 

rear column 230 210 830 

2.2. Construction of dynamic simulation model of non-

clearance hydraulic support 

Figure 3 displays the model for dynamically simulating the 

hydraulic support.  

 

Fig. 3. Dynamic simulation model of non-clearance hydraulic 

support. 

The base is connected to the ground by a fixed pair, the roof is 

constrained to the top beam by a collision contact, either the 

shield beam and the top beam, or the front and rear link and the 

shield beam or base, or the shield beam and the tail beam are 

connected by a rotating pair. Moreover, the column is 

substituted by an equal stiffness spring damping system.  

The roof material is defined as coal, the pin material as 

35CrMo, and the other parts of the support as steel. The main 

properties of the materials are displayed in Table 2. 

Table. 2. Main properties of materials. 

materials Density (kgĬmm-3) Poisson ratio Elastic modulus (MPa) 

coal 1.3Ĭ10-6 0.28 2.2Ĭ103 

steel 7.801Ĭ10-6 0.29 2.07Ĭ105 

35CrMo 7.850Ĭ10-6 0.3 2.06Ĭ105 

2.3. Static bearing capacity analysis of non-clearance 

hydraulic support 

As per the performance argument of the hydraulic support 

studied in this article, the pressure of the roof is 5000KN to 
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simulate the static load status to the hydraulic support. The 

specific load is symmetrically applied to the roof by STEP 

(time,0,0,1,2500000) on both sides. The position of the load is 

displayed in Figure 3(the loading position is 1100mm from the 

end of the top beam and is on the column socket connection line 

of the front and rear columns), and the duration of the entire 

simulation process is 1.5s. The transmission force response of 

the load on the front and rear columns and each bearing point 

under stable state is obtained. The rear link - base connection 

point is named as bearing point 1, the front link - base 

connection point is bearing point 2, the rear link - shield beam 

connection point is bearing point 3, the front link - shield beam 

connection point is bearing point 4, and the connection point of 

top team-shield beam is bearing point 5. Figure 4 shows the 

dynamic characteristics curve of the column under static load of 

the hydraulic support. 

 

Fig. 4. static load response of Column. 

It is observed from the figure 4 that when the system is stable, 

the contact force between the roof and the top beam is stable at 

5006KN, which is basically consistent with the applied roof 

pressure. The load borne by the front and rear columns is 

1368KN and 1166KN respectively. The compression of the 

equivalent spring damping system of the front and rear columns 

is 14.12mm and 11.95mm, respectively. It can be concluded that 

the spring-damping system stiffness value of the front and rear 

columns has little difference with the theoretical calculation 

value.  

Table 3 displays the transmission force of each bearing point. 

It can be discerned that the working condition at bearing point 

1 and bearing point 3 is the worst, which has a tremendous 

influence on the bearing capacity of the hydraulic support. 

Table. 3. Transmission force of bearing point without clearance. 

Location Point 1 Point 2 Point 3 Point 4 Point 5 

Connection 

location 

rear link - 

base 

front link - 

base 

rear link - 

shield beam 

front link - 

shield beam 

top team-

shield 
beam 

Transmission 

force 
391.3KN 256.4KN 395.7KN 253.9KN 83.9KN 

3. Bearing capacity of hydraulic support with single pin 

clearance 

3.1. Establishment of pin clearance contact theoretical 

model 

As shown in Figure 5, at the point where each component of the 

hydraulic support is connected to the pin, there will inevitably 

be a certain matching clearance between the pin and the ear seat.  

 

Fig. 5. Comparison of  pin connection. 

Therefore, in an effort to better display the clearance state and 

contact characteristics of the connection pin fit, the collision and 

articulation model shown in Figure 6 is adopted to simulate the 

connection relationship between the connected parts [19].  

 

Fig. 6. Collision articulation model. 

In the collision articulation model, the pin and the ear seat at the 

joint are regarded as two elastic colliders, and the rotational 

motion constraint between the pin and the ear seat is replaced 

by the collision contact force constraint. 

Assuming that the internal surface of the ear seat and the 

external surface of the pin are regular circles, the clearance 

value between the pin and the ear seat can be defined as: 

ὧ ɝὙ Ὑ Ὑ    ς 

where, R1 and R2 respectively represent the radius values of the 

ear seat and the pin. 

Figure 7 displays the mathematical model of pin clearance 
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established based on the collision and articular model in Figure 

6 [8], where O1 is the central point of the internal surface of the 

ear seat and O2 is the central point of the external surface of the 

pin shaft. r1 and r2 are the position vectors of the ear seat and 

the pin in XOY coordinate system, then the joint clearance 

vector of the ear seat and the pin is: 

Ã Ò Ò    σ 

 

Fig.7. Mathematical model of pin clearance. 

When contact collision occurs between ear seat and pin, the 

contact penetration deformation inflicted by contact collision 

can be expressed as: 

 ὧ ὧ    τ 

Therefore, the size is used to determine whether there is a 

contact collision between the pin and the ear seat, and the 

judging method is as follows: 

 π      .Ï ÃÏÎÔÁÃÔȟ ÆÒÅÅ ÍÏÖÅÍÅÎÔ
 π      )ÎÉÔÉÁÔÅ ÃÏÎÔÁÃÔ ÏÒ ÄÉÓÅÎÇÁÇÅ
 π      #ÏÎÔÁÃÔȟ ÅÌÁÓÔÉÃ ÄÅÆÏÒÍÁÔÉÏÎ

  υ 

3.2. Contact collision force model 

As demonstrated in Figure 8, the interaction collision force 

will emerge, when contact collision occurs between ear seat and 

pin. In addition, the contact collision force can be decomposed 

into the normal contact force Fn generated by elastic 

deformation of the material and the tangential contact force Ft 

generated by the relative movement of the ear seat and the pin 

seat. 

 

Fig. 8. Pin contact collision. 

The nonlinear spring damping collision contact force model 

is presented in accordance with L-N, and the normal contact 

force formula of this model is [4,13,14,]: 

Ὂ ὑ Ὀ   φ 

where, K is the contact stiffness; ŭ is the penetration 

deformation; D is the damper coefficient;   is the relative 

velocity during the collision. 

The expression of equivalent contact stiffness is as follows 

[3,11]: 

ὑ
Ѝ

    χ 

„ ȟὭ ρȟς   ψ 

Ὑ     ω 

where, „  is the material coefficients of contact object; vi is 

Poisson's ratio; Ei is the elastic modulus; R is the equivalent 

radius, where a plus sign is used for external contact and a minus 

sign is used for internal contact. 

As shown in Figure 9, as per the improved Coulomb law [7] 

in ADAMS software, tangential friction force of internal contact 

can be definite as: 

Ὂ ‘ Ὂ     ρπ 

where, Ὂ is the normal contact force; ‘  is the dynamic 

friction coefficient, and its function expression is as follows: 

‘ὠ

ίὭὫὲὠ ẗ‘                                    ȿὠȿ ὠ

ίὸὩὴȿὠȿȟὠȟ‘ȟὠȟὠ ẗίὭὫὲὠ    ὠ ȿὠȿ ὠ

ίὸὩὴὠȟὠȟ‘ȟὠȟ‘                     ȿὠȿ ὠ 

           ρρ 

where, ὠ  is the relative motion speed; ὠ  And ὠ  are specific 

speed limits; ‘  and ‘  are static friction coefficient and 

dynamic friction coefficient respectively. 

 

Fig. 9. Coulomb friction curve. 
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3.3. Construction of dynamic simulation model of single-

pin clearance hydraulic support 

On the basis of the dynamic simulation model of the non-

clearance hydraulic support, the rotating pair connection at the 

pin 1 is replaced by the pin clearance contact model, so as to 

build the dynamic simulation model of the single-pin clearance 

hydraulic support, where the contact stiffness K is calculated by 

equation (7-9) and Table (2,4). In order to distinguish the single 

pin in different positions, the pin at the base - rear link and the 

base - front link are defined as pin 1 and 2, the pin at the shield 

beam-rear link and the shield beam-front link are pin 3 and pin 

4, and the pin at the top beam-shield beam are pins 5. The initial 

radius of each pin is shown in Table 4. The constraint conditions 

and static load forms between other components are consistent 

with those in the non-clearance hydraulic support. 

 

Fig. 10. Dynamic simulation model of single pin clearance 

hydraulic support. 

Table. 4. Initial pin radius. 

Pin 

position 
Pin 1 Pin 2 Pin 3 Pin 4 Pin 5 

Radius 65.5mm 50.5mm 70mm 50.5mm 50.5mm 

3.4. The influence of single clearance size on the bearing 

capacity of hydraulic support 

In the actual work of the hydraulic support, the maximum 

clearance of the pin should generally be less than 1.5mm. In an 

effort to analyze the impact of the single pin clearance size on 

the bearing capacity of the hydraulic support, the pin clearance 

is set within the range of 0-3mm, in which the single clearance 

increment is 0.5mm. As per the simulation model of single-pin 

clearance hydraulic support built in 3.3, the static load 

simulation analysis is carried out on the different clearance size 

of the pin 1, and the transmission force response of the front and 

rear columns and each bearing point under stable state is 

obtained. Among them, the transmission force refers to the 

hinge force between the two parts of the support when there is 

no clearance, when there is a clearance, refers to the contact 

force of the clearance contact model. 

Figure 11 shows the influence of the single clearance size on 

the transmission force of the bearing point. First of all, it can be 

observed from the change of transmission force of each bearing 

point without clearance and with clearance that when there is a 

single clearance, the transmission force of each bearing point is 

significantly greater than that without clearance. When the 

single clearance size is 0.5mm, the transmission force increase 

ratio of bearing point 1-5 is 1.89%, 1.76%, 1.87%, 1.74%, 

1.49%, respectively, indicating that a single clearance may lead 

to the increase of transmission force of the bearing point, and 

thus the working condition of each bearing point becomes worse 

under the same load.

 

(a) Bearing point 1 transmission force         (b) Bearing point 2 transmission force 
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(c) Bearing point 3 transmission force         (d) Bearing point 4 Transmission force 

 

(e) Bearing point 5 transmission force 

Fig. 11. Transmission force response of the bearing point with a single clearance size.

Moreover, under different single clearance size, the 

transmission force of each bearing point is also different. In 

Figure (a), when the clearance is 1mm, the transmission force 

of bearing point 1 is 417KN, when the clearance is 2mm, it is 

453.5KN, and when the clearance is 3mm, it is 489.9KN, 

compared with no clearance, the transmission force increases 

were 6.57%, 15.90% and 25.20%, respectively. Meanwhile, the 

change trend of the transmission force of other bearing points in 

Figure (b-e) is similar to that of bearing point 1. Obviously, 

increasing the size of a single clearance will lead to an increase 

in the transmission force of the bearing point 

In addition, taking bearing point 1 as an example, for each 

change of 0.5mm clearance value, the corresponding change of 

transmission force is 7.4KN, 18.3KN, 17.9KN, 18.6KN, 

18.3KN, 18.1KN. Combined with the transmission force growth 

curve of each bearing point in Figure 11, it can be found that the 

transmission force growth rate of the bearing point is slow, 

when the clearance size is within the range of 0-0.5mm. 

However, when the clearance size is greater than 0.5mm, 

transmission force growth rate of the bearing point is 

accelerated, and when the clearance size is more than 1mm, the 

transmission force growth rate of the bearing point is basically 

stable. 

 

Fig. 12. Load response of front and rear columns with a single 

clearance size. 

Figure 12 shows the load changes of the front and rear 

columns with a single clearance. As can be seen from the load 

value marked in the figure,, in comparison to the scenario 
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without clearance, the load of the front column increases 

slightly when there is a clearance, while the load of the rear 

column decreases slightly. However, the load of the front and 

rear columns changes little with the change of the clearance size. 

Therefore, under the same bearing conditions, the single pin 

clearance may cause to the rise of the transmission force at the 

bearing point, with the gradual increase of the clearance size, 

the growth rate of the transmission force changes from slow to 

fast and then to stable law. When the clearance size is 3mm, the 

value increment of the transmission force at the bearing point 1-

5 is the most serious, with an increase rate of 25.20%, 23.44%, 

24.92%, 23.63% and 21.45%, respectively. Thus, reducing the 

bearing capacity of the hydraulic support. Furthermore, the 

larger the clearance size, the more pronounced the effect on the 

hydraulic support's bearing capacity. 

3.5. Influence of single clearance position on bearing 

capacity of hydraulic support 

In the previous section, the bearing capacity of the hydraulic 

support was examined in relation to variations in the size of the 

single pin clearance. For the purpose of comparing the effect of 

varying single pin clearance positions on the bearing capacity 

of the hydraulic support, four different clearance positions 

including pin 1-4 were selected for simulation analysis. 

Figure 13 shows the variation trend of transmission force at 

each bearing point under different single clearance positions. As 

evident from the figure, the single clearance at different 

positions all cause to the rise of the transmission force at each 

bearing point, and the transmission force at the bearing point 

shows an obvious growth trend with the rise of the clearance 

size. However, under the single clearance at different positions, 

the transmission force at each bearing point shows a basically 

consistent change trend with the clearance size. 

In addition, by comparing the transmission force of each 

bearing point under a single clearance at different positions, it 

can be seen that the transmission force of bearing point 3 and 

bearing point 1 is the largest, that of bearing point 2 and bearing 

point 4 is the second, and the transmission force of bearing point 

5 is the least. When the single clearance size is 3mm, the 

multiplication factor of the force transmitted at the bearing point 

3 and the bearing point 1 (the two ends of the rear connecting 

rod are connected to the pin) is about 1.5 compared with the 

bearing point 2 and the bearing point 4 (the two ends of the front 

connecting rod are connected to the pin), and is about 4.8 

compared with the bearing point 5 (the top-shield beam is 

connected to the pin).Therefore, the working conditions at 

bearing point 3 and bearing point 3 are relatively worst, which 

exerts the most significant influence on the hydraulic support's 

bearing capacity and should be a focal point during the design 

process.

 

   (a) Clearance position 1                                          (b) Clearance position 2 
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   (c) Clearance position 3                                        (d) Clearance position 4 

Fig. 13. Variation trend of transmission force at different clearance positions.

Figure 14 illustrates how different clearance positions 

impact the transmission force at the same bearing point. By 

observing the figure 12(a), it can be intuitively seen that under 

the same clearance, the clearance at the position of pin 2 and pin 

4 has a considerable effect on the transmission force at the 

bearing point 1, while the clearance at the position of pin 1 and 

pin 3 has a lesser influence. As can be seen from the comparison 

figure (a-e), the clearance at pin 2 has the most significant 

influence on the transmission force at each bearing point, while 

the clearance at pin 3 has the least influence on the transmission 

force at each bearing point. In addition, the greater the clearance 

between the pin and ear seat, the larger the clearance size, the 

more obvious the difference in sensitivity of different clearance 

positions to the transmission force of the bearing point.

 

(a) Bearing point 1 transmission force         (b) Bearing point 2 transmission force 

 

(c) Bearing point 3 transmission force         (d) Bearing point 4 transmission force 


