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This study addresses the often-neglected issue
of pin clearance by developing a dynamic
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underscoring the importance of investigating
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Abstract

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.

Keywords
bearing capacity, orthogonal test, hydraulic support, pin clearance,
multi-clearance coupling.

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
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study the bearing performance of the hydraulic support, and it
is of great significance to design and optimize the hydraulic
support with Dbetter 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].

Per-deformation

Mild deformation Severe deformation :

Ear seat fracture

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 K¢ of the column can be calculated

Table. 1. parameters of front and rear column.

by the following as:

K, = €]

where, K. is the equivalent stiffness, N/m; E is bulk modulus of
elasticity, Pa, choose 1.95x10° Pa; D is the bearing cavity

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

AF

J

F  Working load
L Liquid column length

-K%I_“_IC

D Bearing chamber diameter

d Hydraulic rod diameter

[S——=—

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 9.69x107 N /m, and that of the rear column is 9.76%

10’N /m.

Bearing chamber Hydraulic rod Liquid column
Columns . :
diameter/mm diameter/mm 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.

Static load

Roof

Shield beam

Tail beam

Base

Front link Rear link

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 (kgxmm™) Poisson ratio Elastic modulus (MPa)

coal 1.3x10° 0.28 2.2x103
steel 7.801x10° 0.29 2.07x10°
35CrMo 7.850x10° 0.3 2.06x10°

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 S000KN 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.

2144 contact force = = - height of front column 6000
front column load  — - - height of rear column
2140 rear column load 5000
2136 F 44000
g S Z
£k \ ¥
= 2132F T y <3000 5
%0 . . g
‘s ~. A =]
= ~ . -
2128 + ~ .. 42000
2124 | - — 11000
2120 - : . 0
0.0 0.3 0.6 0.9 1.2 1.5
Time/s

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 rear link - front link - rear link - front link - toi)hti(e;la(rin-
location base base shield beam shield beam b
eam
Tranfsofclzs“’“ 3913KN  2564KN  3957KN  2539KN  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.

Pin Clearance

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].

| L
H
0
(

Ear seat

Dl

)
y

Pin

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:

c=AR=R;—R, (2)
where, R and R 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 O; is the central point of the internal surface of the
ear seat and O; is the central point of the external surface of the
pin shaft. »; and r; 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:

Cip =11 — 1, 3)

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:

§=cp—c 4

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:

6 <0 No contact, free movement
6 =0 Initiate contact or disengage (5)
6 >0 Contact, elastic deformation

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 F, generated by elastic
deformation of the material and the tangential contact force F;
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,]:

E,=K&"+ D6 (6)
where, K is the contact stiffness; J 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]:

4R

k= 3n(o1+03) (7)
1_”i2 .
o =2 (=12) ®
_ RiRy
R = FitRs (€))

where, o; is the material coefficients of contact object; v; is
Poisson's ratio; E; 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:

Fr = pweFy (10)
where, F, is the normal contact force; uyy) is the dynamic

friction coefficient, and its function expression is as follows:

—sign(Vy) - ua Vel > Vy
(V) = { —step(IVe|, Vo, pta, Vs, Vs) - sign(Vy) Vo < [V < Vy (11)
step(Ve, Ve, ts, Vo, —iis) Vel <Vq

where, V; is the relative motion speed; V; And V,; are specific
speed limits; ug; and u,; are static friction coefficient and

dynamic friction coefficient respectively.

Hs

Hd

Friction coefficient
o

R Y 0 vV %

Relative velocity

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.

Roof-

Collision contact

Pin2 Pinl

Fig. 10. Dynamic simulation model of single pin clearance

hydraulic support.

Table. 4. Initial pin radius.
Pin

. Pin 1 Pin2 Pin 3 Pin 4 Pin5
position
Radius 65.5mm  50.5mm  70mm  50.5mm  50.5mm
550 50
[ Bearing point 1 E
- —— Transmission force growth curve lao 5
& 500 =
3 E
2
2 0 g
5450 B
2 20 £
: E
g
E 400 102
£
&
350 0

00 05 10 15 20 25 3.0

Clearance size /mm

(a) Bearing point 1 transmission force

Transmission force /KN

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.

400 50
I:l Bearing point 2 g
—=— Transmission force growth curve {40 ‘5“
350 - =
3165 |4 2
316.5 | )
305.4/* 30 Ty
300 ol g
20 &
=
2
250 1102
=
1]
i=1
£
1o =
200 L 0
25 3.0

Clearance size /mm

(b) Bearing point 2 transmission force

Eksploatacja i Niezawodno$¢ — Maintenance and Reliability Vol. 25, No. 4, 2023




550

o
o

[ Bearing point 3
—=— Transmission force growth curve

wn

(=

=]
e
=]

(s w
(=] =

Transmission force growth KN/mm

Transmission force /KN
4 £y
> n
=1 =

—
(=]

(=]

350
0.0 0.5 1.0 L5 20 2.5 3.0

Clearance size /mm

(c) Bearing point 3 transmission force

125.0

400 50
777 Bearing point 4 E
- —+— Transmission force growth curve {40 E
350 =
8 z
2 =)
& 05
§ 300 g
Z 20 2
Z 5
= 7]
£ 250 10 -Z
= 5
s
=

200 0

Clearance size /mm

(d) Bearing point 4 Transmission force

._.

—

[

n
T

100.0

Transmission force /KN

00 05 1.0

[ Bearing point 5
—=— Transmission force growth curve

1
(] W P wn
=1 (=] (=1 <

Transmission force growth KN/mm

—_
(=]

=}

1.5 20 25 30

Clearance size /mm
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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, 183KN, 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 Imm, the
transmission force growth rate of the bearing point is basically

stable.
2000

I The front column load
I The rear column load
1600

1367.6 1367.9 1368.3 1368.8 1369.4 1369.9 13704

1200

Load/KN

800

400

Omm 0.5mm Imm [.5mm 2mm 2.5mm 3mm

Clearance size/ mm
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

600
—=— Bearing point | —— Bearing point 2
soob T Bearing point 3 —— Bearing point 4
Z —— Bearing point 5
=
§ 400
&
300t /
[}
2
£ 200}
(=]
e
“wof o
0 L 1 1 1 1

00 05 1.0 1.5 20 25 3.0

Clearance size /mm

(a) Clearance position 1

Transmission force /KN

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.
] p— Bearing point 1 —— Bearing point 2
Bearing point 3 Bearing point 4
500F Bearing point 5
400
300 - /
200
11111 S
0L . . .

00 05 1.0 L5 20 25 3.0

Clearance size /mm

(b) Clearance position 2
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soob T Bearing point 3 —— Bearing point 4
Z —— Bearing point 5
=
34001
&
E300} /
vl
2
£ 200}
=
e
“wof o e
0 1 1 1 1

00 05 1.0 1.5 20 25 30

Clearance size /mm

(c) Clearance position 3

600 - - - -
Bearing point 1 —— Bearing point 2

s00 | Bearing point 3 Bearing point

A p— Bearing point 5

=

8400

&

E300} /

vl

2

£ 200}

=

&

Twof . . e

0 1 1 1 1

00 05 1.0 15 20 25 30

Clearance size /mm

(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
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z 510 T
R
S
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,:c: 480 |
g
24501
g
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390 F
Pin 1 pin 2 Pin 3 Pin 4
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(a) Bearing point 1 transmission force

540 F —*—0.5mm —*— lmm 1.5mm
2mm 2.5mm —e— 3mm

Transmission force /KN

Pin 1 pin 2 Pin 3 Pin 4

Clearance position

(c) Bearing point 3 transmission force

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.
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(b) Bearing point 2 transmission force
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(d) Bearing point 4 transmission force
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Fig. 14. effect of different clearance positions on the transmission force of bearing point.

Table 5 shows the load changes of front and rear columns
under varying single clearance positions. It can be seen that
when the single clearance position is pin 2, pin 3, pin 4, the load

of front and rear columns is basically unchanged. Combined

with the data in figure 12, it can be concluded that the
connecting pin clearance at both ends of the front and rear links

have little impact on the load of the front and rear columns.

Table. 5. Load response of front and rear columns at different clearance positions.

Clearance size Front column load /KN Rear column load /KN
Pin 2 Pin 3 Pin 4 Pin 2 Pin 3 Pin 4
0.5mm 1367.9 1367.8 1367.8 1166.3 1166.2 1166.5
Imm 1368.4 1368.1 1368.3 1165.9 1166.5 1166.3
1.5mm 1369 1368.6 1368.8 1165.5 1165.9 1165.7
2mm 1369.6 1369.4 1369.4 1165.1 1164.7 1165.2
2.5mm 1370.1 1369.9 1370.1 1164.9 1164 1165
3mm 1370.8 1370.6 1370.3 1164.3 1163.2 1164.4
4. Multi-clearance coupling on the bearing capacity of three-level orthogonal test group.
hydraulic support Table. 6. Orthogonal test table.
. ) L Test Clearance size
4.1. Multi-clearance coupling mode determination based number Pin 1 Pin 2 Pin 3 Pin 4
on orthogonal text 1 1 1 1 1
In the previous chapter, the bearing capacity of hydraulic g i é g 2
support is analyzed in relation to variations in the size of a single 4 2 1 2 3
clearance, through establishment of the dynamic model for the 5 2 2 3 1
a single-pin clearance support. In order to study the effect of 6 2 3 1 2
multi-clearance coupling on the bearing capacity of the 7 3 1 3 2
hydraulic support, based on dynamic simulation model of the 583 g g ; i

single-pin clearance hydraulic support, as shown in Figure 10,
the rotating pair connections at pin 1-4 were replaced by the pin
clearance contact model, thus a dynamic model of the multi-
clearance coupling support was built. As shown in Table 6, pin
1-4 were selected as four different experimental factors, and the
clearance size of Imm, 2mm and 3mm were selected as three

groups of horizontal variables, thus forming the four-factor and

4.2. Analysis of bearing capacity of hydraulic support

under multi-clearance coupling

Figure 15 shows the change of the transmission force of each
bearing point in the condition of multiple clearance s compared
with the non-clearance. By observing the figure 15, it can be

intuitively seen that the transmission force of each bearing point
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under multi-clearance coupling presents a greater degree of
increase than that without clearance, in which the transmission
force of each bearing point under test 1 changes the least, and
the transmission force of each bearing point under test 3
changes the most. From Table 6 of the orthogonal test, it can be
observed that the total coupling clearance of test 1 and test 3
corresponds to the minimum clearance of 4mm and the
maximum clearance of 10mm respectively. Therefore, under the
condition of multi-clearance coupling, the coupling clearance
size has a positive influence on the transmission force of each
bearing point.

Combined with the data analysis in Table 7, the transmission
force of bearing point 3 is 395.7KN when there is no clearance,
while the transmission force of test 1 and test 3 is 516.9KN and
767.0KN, respectively, the rate of increase was 30.6% and 93.8%
respectively. The transmission force of bearing point 1 without
clearance is 391.3KN, while the transmission force of test 1 and
test 3 is 512.5KN and 762.6KN, respectively, with an increase
ratio of 30.9% and 94.8% respectively.

In addition, according to the static load transmission force
of each bearing point with a single clearance size shown in Table
8, combined with the data in Table 7, it can be observed that
under the coupling action of multi-clearance, the transmission
force of each bearing point is significantly greater than that
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under the action of a single clearance.

Under the action of multi-clearance coupling, the connection
attitude between the hydraulic support components will change
due to the clearance, which will affect the force transfer
direction at the bearing point. According to the transmission
force of each bearing point with a single clearance size shown
in Table 8, and compared with the data in Table 7, it can be
observed that the transmission force of each bearing point is
significantly greater than that under the action of a single
clearance. When the coupling clearance size is large, the contact
force will be generated at a single connection clearance, so that
the coupling effect of the clearance will further amplify the
impact of the clearance on the transmission force of each
bearing point, and the bearing condition of each bearing point
will be worse.

In particular, when the coupling clearance between bearing
point 3 and bearing point 1 is 10mm in test 3, the increase of
transmission force exceeds 90%, which greatly attenuates the
bearing performance of hydraulic support. Therefore, the design
of the connection pin at the bearing point 3 and the bearing point
1 should pay attention to, and the hydraulic support should
avoid excessive pin clearance in the bearing work to ensure its

good bearing performance.
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Fig. 15. Transmission force at the bearing point with multi-clearance and non-clearance.

Table.7. Transmission force of bearing point under multi-clearance coupling.

Transmit force of bearing point /KN

Test number

Point 1 Point 2 Point 3 Point 4 Point 5
1 512.5 328.3 516.9 325.3 106.0
2 636.9 408.6 641.4 407.6 128.8
3 762.6 471.1 767.0 488.1 151.6
4 671.4 423.5 675.8 419.3 135.5
5 665.1 421.2 669.5 418.1 134.2
6 679.8 432.3 684.3 430.8 136.8
7 701.0 445.8 705.3 444.1 140.6
8 718.3 455.2 722.8 453.0 143.7
9 711.1 449.1 715.6 446.0 142.2
Table.8. Transmission force of bearing point with single clearance.
Position Size Transmit force of bearing point /KN
Point 1 Point 2 Point 3 Point 4 Point 5
Imm 417.0 272.0 421.4 269.4 88.5
Pin 1 2mm 453.5 294.3 457.9 291.7 95.3
3mm 489.9 316.5 4943 313.9 101.9
Imm 425.4 276.9 429.8 274.3 90.1
Pin 2 2mm 469.6 303.6 474.0 301.0 98.1
3mm 513.6 330.1 518.0 327.5 106.2
Imm 416.2 271.1 420.6 268.5 88.4
Pin 3 2mm 451.6 293.3 456.0 290.7 94.9
3mm 488.0 315.8 492 .4 313.2 101.6
Imm 425.9 277.0 430.3 274.4 90.1
Pin4 2mm 467.6 302.4 472.1 299.8 97.8
3mm 511.8 329.6 517.0 327 105.4

5. Conclusion

In this paper, the simulation model of hydraulic support without
pin clearance was built by means of equivalent column with
constant stiffness spring damping system. On this basis, the
simulation model of the single-pin clearance and multi-
clearance hydraulic support was built. Moreover, the effect of

the single-pin clearance and multi-clearance coupling on the

bearing capacity of the hydraulic support was studied. The main
results are as following:

1) The presence of pin clearance will lead to the increase of
the transmission force at the bearing point of the hydraulic
support, thus reducing the bearing performance of the hydraulic
support, and the larger the clearance size, the more obvious the
weakening of the bearing performance of the hydraulic support.

2) Among the four single-clearance positions, the front
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connecting rod - base pin position has the largest weakening
effect on the bearing performance of the hydraulic support,
while the rear connecting rod - shield beam pin position has the
least weakening effect on the bearing performance of the
hydraulic support.

3) The bearing point at both ends of the rear connecting rod
has the highest sensitivity to the change of clearance, followed
by the bearing point at both ends of the front connecting rod,
and the bearing point at the top beam - cover beam is the
smallest.

4) Under the condition of multi-clearance coupling, the
minimum increase of transmission force at the bearing point is

more than 26.3%. Therefore, the coupling effect of the clearance
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