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The working reliability of a scraper conveyor is related to the bulk coal load characteristics and the interaction between rigid body parts and 
bulk coal. In the existing relevant research, a load of coal on rigid body parts is equivalent to constant central acting on some points, ignoring 
time-varying and uneven distribution of the load and new load generated by the interaction, which results in some load characteristics and 
related faults being obscured. In this paper, the rigid-discrete coupling simulation model of scraper conveyor is established based on the 
discrete element method and the multi-body dynamic method, and the overall compressive force gradient distribution of bulk coal in the 
middle trough, the violent interaction between bulk coal and rigid body parts, and the clamping stagnation of scrapers are studied. The results 
show that the bulk coal compressive force has an obvious distribution gradient in the chute, and in the chute between two scrapers, the bulk 
compressive force in the first half is about 19 % of that in the second half in the y-direction. The coal particles stuck between the scrapers, 
the vertical chainrings, and the middle plates violently interact with the rigid body parts, and the coal particles average compressive force is 
59 times that of other coal particles. The scraper influenced by bulk coal is easily stuck at the connection of two chutes, and the tension of 
the chain before the scraper increases sharply, and the maximum tension of the chainrings is about three times that of the maximum contact 
force between the scraper and the chute.
Keywords: scraper conveyor, discrete element method, multi-body dynamics, compressive force distribution gradient, violent interaction

Highlights
•	 The rigid-discrete coupling model of a scraper conveyor can simulate the interaction between the bulk coal and the rigid parts.
•	 The compressive force distribution of coal in the middle trough has an obvious gradient, and the load characteristics of the rigid 

body parts applied by bulk coal can be analysed through the bulk coal compressive force distribution. 
•	 Coal particles are easily stuck between scraper, vertical chainring and middle plate, which affects the force and movement of 

the scraper and the chain as well as the wear of middle plate.
•	 It is easy for the scraper to get stuck at the connection of two chutes, which causes the tension of the chain to increase sharply. 

0  INTRODUCTION

A scraper conveyor in a fully mechanized mining 
face is the coal transport equipment, together with 
shearer and hydraulic support, that comprises a fully 
mechanized mining face [1] and [2]. The reliability 
and service life of scraper conveyor have a great 
influence on the coal mining efficiency and the 
economic efficiency of coal mining. The working 
environment of a scraper conveyor is very harsh, 
which makes it prone to failure. Once a fault occurs, 
the normal excavation work will be interrupted, and 
the underground maintenance is very difficult, which 
wastes a great deal of manpower, material, and 
financial resources. Therefore, the study of scraper 
conveyor failure mechanism, efforts to improve its 
work reliability, and extending the working life are the 
long-standing pursuits of many researchers.

There are primarily three failure modes for the 
relevant parts of scraper conveyor: the chain break, 
the wear of middle plate,  and of sprocket drum. 
Researchers have mainly studied the motion and 
the force characteristics of related parts, the wear 

mechanism, and wear resistance measures of the 
middle plate and sprocket drum. Based on the finite 
element concept, the physical and mathematical 
models of scraper conveyor are established to study 
dynamic characteristics of the chain drive system [3]. 
The polygon effect of the chain drive has an important 
impact on the dynamic performance of the scraper 
conveyor [4] and [5]. The load on the scraper and 
chain is uneven and unpredictable, and the load under 
different working conditions and the load change 
at any point affect the dynamic characteristics of 
the whole drive system [6] to [9]. The contact force 
change characteristics between the chain ring, scraper 
and sprocket, flat ring and vertical ring, as well as 
the stress and strain of these parts, are studied [10] 
and [11]. The chain tension also affects the motion 
and force characteristics of the chain drive system, 
and real-time monitoring and adjusting the tension is 
also one significant research direction [12] and [13]. 
The driving force of the scraper conveyor can affect 
the dynamic load of the chain drive. Optimizing the 
control algorithm of the driving system can improve 
the dynamic behaviour of the scraper conveyor [14] 
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and [15]. The dynamic load characteristics, the wear 
and the wear resistance improvement of sprocket 
drum are critical research directions [16] to [18]. Many 
studies have been done on the medium plate wear 
mechanism, the factors affecting the wear and the 
improvement of the wear resistance [19] to [21]. Most 
of these studies assume the load imposed by coal bulk 
to the relevant parts as a constant value, ignoring the 
time-varying, uneven distribution of coal bulk load 
and the possible new load generated by the interaction 
of coal bulk and parts, resulting in the concealment of 
some force characteristics and failure mechanism of 
the relevant parts.

The discrete element method (DEM) is a 
numerical calculation method proposed by Cundall et 
al. to simulate bulk materials, which has been widely 
used in studies related to bulk materials [22] and [23]. 
Wang et al. studied the size distribution, velocity 
distribution, and transport efficiency of coal particles 
in the middle trough with DEM, but the rigid body 
parts in their model could only move along a straight 
line [24] and [25]. DEM provides a method to simulate 
bulk material, but the geometric model in DEM 
commercial software EDEM can only realize simple 
motion, so it is necessary to combine it with other 
dynamic software to study the mechanical system 
with complex motion.

Multi-body dynamics (MBD) is a subject that 
studies the motion rules of multi-body systems; it can 
be used to establish models to analyse the force and 
motion rules for complex multi-body systems [26] 
and [27]. In the related studies on scraper conveyors, 
MBD is mostly used to study the motion and force 
characteristics of the chain drive system [11] and [28]. 
MBD provides a powerful tool for studying the force 
characteristics among geometries in a multi-body 
system.

This paper focuses on the overall compressive 
force distribution gradient of coal bulk in the middle 
trough, the violent interaction between coal bulk and 
rigid body parts, and the influence of bulk on rigid 
body parts, especially on the scraper and chain. The 
overall compressive force gradient distribution reveals 
the load distribution characteristics of bulk coal, the 
violent interaction between bulk coal and rigid parts 
produces new loads, and the influence of bulk coal on 
rigid parts reveals the principle of some faults.

This research is organized as follows. In Section 
1, the coupling model is introduced and its reliability 
is verified; in Section 2, the simulation results 
with discussions are presented; in Section 3, the 
conclusions are given.

1  RESEARCH METHOD

1.1  Scraper Conveyor Model

The type of scraper conveyor in this study is 
SGZ880/800, and its specific parameters are shown 
in Table 1. The complete virtual prototype of scraper 
conveyor is shown in Fig. 1a, and the simplified 
model of scraper conveyor in this study is shown 
in Fig. 1b. The geometric model is modelled with 
Siemens Unigraphics NX 10.0 (UG 10.0). The longest 
scraper conveyor used in longwall system can reach 
to 500 m, and the number of links in the chain is 
hundreds of thousands [6]. If a complete scraper 
conveyor model is adopted to establish the simulation 
model, the number of rigid bodies and kinematic pairs 
will be greatly increased, and the number of coal 
particles participating in the simulation will also be 
increased dozens of times, which can cause simulation 
on an ordinary computer to be time-consuming 
or not feasible at all. Therefore, the simulation 

Table 1. Specific parameters of the scraper conveyor 

Type
Power 
[kW]

Chain d×t
[mm×mm]

Chute L×B×H
[mm×mm×mm]

SGZ880/800 2×400 34×126 1500×880×330

Fig. 1.  Virtual prototype of scraper conveyor;  
a) the complete; and b) the simplified
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model is simplified as necessary. The simplified 
model eliminates the gearboxes, drive motors, and 
hydrodynamic coupling in the head and tail drives, 
and only the head and tail sprocket drums, three 
chutes, scrapers, link chains, and so on are retained. 
At the same time, adding a bottom chute, scrapers and 
chains return to tail from the head through the bottom 
chute. In the simplified model, the scraper and chain 
move smoothly in the middle trough driven by the 
sprockets, which meets the research requirements.

1.2  Simulation Model and Its Parameters

1.2.1  The Coupled Model

The process of conveying bulk coal by scraper 
conveyor involves bulk coal and rigid parts of the 
scraper conveyor (all parts of the scraper conveyor 
in this research are rigid bodies). DEM can simulate 
bulk coal, but the discrete element software cannot 
simulate the complex motion of rigid body parts, so 
multi-body dynamics software can be used to simulate 
the complex motion. Therefore, discrete element 
software and multi-body dynamics software are used 
to simulate the transport of coal bulk in the scraper 
conveyor together.

The coupling model is established by using 
multi-body dynamics software Recursive Dynamic 
(RecurDyn) and discrete element software EDEM. 
The simplified virtual prototype model established in 
UG is imported into RecurDyn, where the dynamics 
model is established, and then the virtual prototype is 
exported from RecurDyn to a file in WALL format, 
and then the file is imported into EDEM as the 
geometric model to establish the discrete element 
model. In the process of coupling simulation, the 
two models run simultaneously, and the calculated 
data are shared through the WALL file in real time. 
EDEM calculates the forces and motions of bulk 
coal, Recurdyn calculates the forces and motions of 
rigid body parts, and the computational results of the 
two models are shared in real time to be used as the 
boundary condition of the next time step, as shown in 
Fig. 2. This is how the coupling model simulates the 
interaction between bulk and rigid parts.

Fig. 2.  Schematic diagram of coupling model

1.2.2  Discrete Element Model

(1) 	 Contact model
The contact model defines the calculation method 

of forces between particles, particle and geometry. The 
simulation model needs to define the contact model 
between particles and between particle and geometry, 
respectively. Both contact models select the Hertz-
Mindlin (no slip) model, which is the basic contact 
model in EDEM software, which can accurately and 
efficiently calculate the forces. In the model, normal 
force is based on the Hertz contact theory [29], and 
the tangential force is based on the research results of 
Mindlin-Deresiewicz [30]. Let two spherical particles 
with radius R1 and R2 make elastic contact, and four 
forces are generated between the two spheres: normal 
force, normal damping force, tangential force and 
tangential damping force.

Normal force Fn between particles can be 
obtained by Eq. (1).

	 F E Rn = ( )4

3

1 2
3 2* *

/
/
,α 	 (1)

where E* [Pa], R* [m] and α [m] are equivalent 
Young’s modulus, equivalent particle radius, and 
normal overlap, respectively.

The normal damping force Fn
d  can be obtained 

by Eq. (2).
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where β is a coefficient associated with the coefficient 
of restitution, Sn [Nm-1], m* [kg] and vn

rel  [ms–1] are 
normal stiffness, equivalent mass and normal 
components of relative velocity, respectively.

Tangential force Ft can be obtained by Eq. (3).

	 F St t= − δ , 	 (3)

where St [Nm–1] and δ [m] are tangential stiffness and 
tangential overlap, respectively.

Tangential damping force Ft
d  can be obtained by 

Eq. (4).

	 F S m vt
d

t t
rel= −2

5

6
β *

, 	 (4)

where β is a coefficient associated with the coefficient 
of restitution, St [Nm-1] and vt

rel  [ms–1] are tangential 
stiffness and the tangential component of the relative 
velocity, respectively. 

Please refer to the literature for the calculation of 
specific parameters in the above formulas [31].
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(2) 	 Particle model and particle factory
The irregular shape of coal particles can be 

roughly classified into three categories: flat, block, 
and cone. In EDEM, coal particle model is composed 
of pellets. A new particle can be formed by defining 
the radius and relative position of each pellet in the 
coordinate system. The maximum length of the coal 
particle model in three coordinate directions is used 
to represent the particle size of coal particles. Fig. 3 
shows the shape of the coal particle model established 
in EDEM, a) is block, b) is flat and c) is cone. Coal 
particles are produced by the particle factory above 
the middle trough near the tail sprocket. The particle 
factory is set as a cube area that the length, width, 
and height are 850 mm, 1000 mm, and 200 mm, 
respectively. The particle factory can produce coal 
particles at a certain rate and define the initial state of 
coal particle, and its position is fixed.

Fig. 3.  The shape of coal particles; a) block; b) flat; and c) cone

(3) 	 Related parameters
The parameters in the discrete element model 

mainly involve the intrinsic parameters of bulk coal 
and rigid materials and the contact parameters of the 
contact model. The parameters in the simulation are 
from the existing research results of this research 
group, and the specific parameters are shown in Tables 
2 and 3 [32].

Table 2.  The intrinsic parameters of bulk and rigid materials

Material Shear modulus [GPa] Poisson’s ratio Density [kg·m–3]
Coal 0.47 0.3 1229
Steel 80 0.3 7850

Table 3.  Recovery coefficient and friction coefficient 

Recovery coefficient
Coal - coal 0.64
Coal - steel 0.65

Static friction
Coal - coal 0.329
Coal - steel 0.46

Coefficient of kinetic friction
Coal - coal 0.036
Coal - steel 0.032

1.2.3  Dynamic Model

RecurDyn software adopts the motion equation theory 
of relative coordinate systems and the complete 
recursion algorithm, which is very suitable for solving 
large-scale multi-body system dynamics problems. 
And compared with other dynamic software, 
RecurDyn can truly, efficiently and stably handle 
contact collision problem. The scraper chain consists 
of a large number of chain links and the dynamic 
model is very complex, and RecurDyn can effectively 
improve the calculation speed. The interaction 
between the chainrings, the chainring and the chain 
wheel and so on is expressed by contact pair, which 
can effectively simulate the movement of scraper 
conveyor rigid body parts.

In the dynamic model of scraper conveyor, the 
kinematic pairs of rigid body parts are shown in 
Fig. 4. The action relationship between parts in the 
dotted frame in the figure is represented by contact 
pair, including vertical chain and flat chain, chain 
and scraper, chain and sprocket, and so on. The head 
and tail sprockets are fixedly connected to the rack 
(ground) through the revolute pair; the chute is fixedly 
connected to the ground with a fixed pair. The driving 
force of sprocket is defined by the revolute pair; two 
sprockets drive the chain and scrapers simultaneously. 
The head sprocket drives the chain and scrapers in 
the forward stroke, and the tail sprocket drives in the 
return stroke.

Fig. 4.  The kinematic pairs between rigid body parts

1.3  Verification Test of Discrete Element Model

To ensure the reliability of simulation results, it 
is necessary to verify that the coupling model can 
truly simulate the coal transportation process. If the 
verification test is carried out directly on the scraper 
conveyor corresponding to the simulation model, the 
requirement for the test equipment is high, and the 
cost is substantial. Since the discrete element model 
and the multi-body dynamics model that constitutes 
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the coupling model are independent of each other, it 
is only necessary to verify that the two models meet 
the research requirements. Discrete element model 
is the core of the coupling model, the multi-body 
dynamics model of scraper conveyor can realize the 
complex motion of rigid body parts and meets these 
research requirements. so the emphasis is to verify the 
reliability of the discrete element model.

The core parts of a discrete element model are 
the contact model, the particle model, and the relevant 
parameters of bulk material and rigid body, etc. 
Moreover, the geometric model is not very important. 
As long as these models are appropriate and key 
parameters are reliable; then the discrete element 
model can truly simulate bulk coal. The validation 
test is to verify the reliability of these models and 
parameters. The idea of verification testing is using 
the same contact model, particle model, and related 
parameters of design simulation and check test on a 
turntable testbed to prove that the simulation model 
can accurately simulate the bulk coal by comparing 
the results of simulation and test.

The check test was carried out on the turntable 
testbed in Fig. 5a. The turntable can rotate around 
its central axis, and the sample above the turntable is 
fixed on the rack by a three-dimensional force sensor 
that can measure the force exerted on the sample by 
the coal. The bottom surface of the sample is 8 mm 
away from the surface of the turntable, so there is no 
friction between the sample and the turntable, and 
the coal particles are not easily stuck between them. 
Lay 1 kg bulk coal in the turntable which rotates 
counter clockwise for 1 cycle at π/2 rad/s. In the test, 
the coal particles with a size of 2 mm to 4 mm are 
screened. Furthermore, the particle sizes are randomly 
distributed between 2 mm to 4 mm in simulation. 
Rotating with the turntable, the bulk coal exerts 
thrust on the sample in the circumferential tangential 
direction, and the sample will leave a groove on the 
bulk coal. The thrust and the groove section curve 
cut by the plane perpendicular to the turntable upper 
surface and across the turntable centre are selected 
as the test results, which represent the force of bulk 
coal and bulk coal fluidity, respectively. To avoid 
contingency, three positions are selected to measure 
the groove section curves. If the initial position of 
the sample is 0° and one revolution of the turntable 
is 360°, the groove section curves at the positions 
of 90°, 180°, and 270° are respectively taken. Fig. 
5b is the schematic diagram of the simulation, and 
the geometric model is composed of the turntable 
and sample. The thrust in the simulation is obtained 
from the WALL file of the sample in RecurDyn. By 

establishing a two-dimensional coordinate system, 
coordinate values of the groove section curves at some 
equidistant points were measured, and the groove 
section curves can be obtained through curve fitting. 
Take the intersection point of the vertical centreline of 
the sample and the plane of the turntable upper-end 
face as the coordinate origin, take the radial direction 
of the turntable at the origin as the X-axis, and the 
vertical centreline of the sample as the Y-axis, and 
establish a two-dimensional coordinate system, as 
shown in Fig. 5b. Take a point at 8 mm intervals along 
both sides of the X-axis, measure the y-coordinate 
values of the groove section curve at these points, and 
measure 11 points of data together with the origin, and 
fit the groove section curve from these data points. 
The groove section curves in simulation and test are 
obtained by taking points, measuring data and fitting 
curves.

Fig. 5.  Verification test equipment and simulation diagram;  
a) verification test equipment; and b) simulation diagram

Fig. 6a is the diagram of the physical test, and Fig. 
6b is the shape of the groove section at the 90° position 
in the simulation. Fig. 6c is the circumferential 
tangential thrust curve of the sample exerted by bulk 
coal. The blue curve is the simulation curve, and the 
red curve is the test curve. There are some mutation 
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points in the blue curve and the mutation generated 
by the extrusion between the particles flowing under 
the sample and the sample. In the test, due to the 
low sampling frequency of the sensor, the sudden 
change of force cannot be captured or presented, and 
the force curve reflects the thrust without mutation 
and corresponds to the relatively smooth part in the 
simulation curve. Therefore, the method of average 
value is used to compare the closeness of the two 
curves. The average value of the red curve is 0.94 N, 
the average value of the blue curve is 0.82 N, and the 
ratio of the simulation value to the test value is 87 %. 
The bulk material force in simulation is close to the 
real working condition. Fig. 6d to f are groove section 
curves at 90 °, 180 °, 270 °, respectively. The small 

red circles and blue triangles in the figures are data 
points of groove section curves measured respectively 
in simulation and test. The smooth spline fitting tool 
in MATLAB is used to fit these data points to get 
groove contour curves. All of these fit curves have R2 
of 0.9901. The correlation coefficients R of the two 
fitted curves in simulation and test at the positions of 
90°, 180° and 270° are 0.9896, 0.9879 and 0.9881, 
respectively, which indicates that the fluidity of 
bulk coal simulated by the simulation model is 
very similar to that in the test. The results of above 
comparisons indicate that the discrete element model 
can realistically simulate the bulk coal and meet the 
research requirements.

a)          

b) 

c)             d) 

e)             f) 
Fig. 6.  Simulation and test results: a) test physical diagram; b) the shape of the groove section at 90° in simulation; 

c) the thrust curve; d) 90° groove section curve; e) 180° groove section curve; f) 270° groove section curve
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1.4  The Simulation

The load distribution of bulk coal is related to the 
bulk coal compressive force distribution. The force 
inside the bulk is transmitted through the compressive 
force. The greater the bulk coal compressive force 
is, the greater the load on rigid body parts is, and the 
greater the friction force applied to rigid body parts 
is. Firstly, the compressive force distribution gradient 
of bulk coal in the middle trough is analysed to 
obtain a general understanding of the bulk coal load 
distribution. Secondly, the interaction between bulk 
coal and rigid body parts generates new loads, and the 
large load generated by violent action significantly 
affects the normal work of scraper conveyor. Find the 
coal particles that violently act with rigid body parts, 
and then analyse the violent action process. Finally, 
some possible faults of rigid parts are analysed.

Fig. 7.  The rotation speed of sprockets

The bulk coal in the simulation is composed of 
three shapes of particles. The particle factory produces 
220 kg bulk coal every second, and the mass of each 
shape particle accounts for 1/3 of the total mass. 
Particle size is selected as 40 mm for three shapes of 
particles and the total particle quantity is unlimited. 
Coal particles fall to the middle trough at a certain 
initial velocity, and the components of the velocity are 
vx = –0.2 m/s, vy = 0.4 m/s, vz = –1 m/s. The initial 
tension of the scraper chain can be set by adjusting 
the distance of two sprockets, and the initial tension 
is about 20,000 N. The scraper conveyor is driven by 
the sprockets at the same time as same rotation speed, 
the rotation speed is shown in Fig. 7, and the total 
simulation time is 6 s. The process of producing coal 
at the tail end of the scraper conveyor and transporting 
it to the head end at a speed of about 1.02 m/s is 
simulated.

2  RESULTS AND DISCUSSION

2.1  Compressive Force Distribution Gradient of Bulk Coal 
in Middle Trough

The total simulation time is 6 s, the whole middle 
trough is full of bulk coal at 3.3 s, and the transport 
of bulk coal in the middle trough is relatively stable 
at 5 s, so choose the time of 5 s  to draw the bulk coal 
compressive force cloud diagram. Fig. 8a is the bulk 
coal compressive force cloud diagram cut by the plane 
perpendicular to the x-axis. The plane perpendicular to 
the x-axis cuts the middle trough along e-e line in Fig. 
8c. And the e-e line is in the middle of the chute inner 
edge and chain, 375 mm from the spillplate edge. 
Arrow V indicates the motion direction of the scraper 
and chain. In the figure, the red bulk coal is mainly 
located in the chute, which is framed with black lines, 
while the bulk coal above the chute is mainly blue-
green. Therefore, the compressive force of bulk coal 
in the chute is significantly greater than that above the 
chute. Fig. 8b is the bulk coal compressive force cloud 
diagram cut by the plane perpendicular to the z-axis. 
That plane cuts the middle trough along the f-f line in 
Fig. 8c. The f-f line is 120 mm away from the upper 
edge of chute, and the maximum compressive force in 
the cloud diagram increases to 45 N. The area between 
the two scrapers in the chute middle is divided into 
six cubic sub-areas marked as A, B, C, D, E and F 
respectively，and the cross-section shape of the six 
cubic sub-areas is shown in Fig. 8b and c. In Fig. 8b, 
A, B and C are mainly red, D, E and F are mainly 
blue, and B is less red than A and C, while E is more 
blue than D and F. Therefore, in the y-direction, the 
bulk coal compressive force in A, B and C is higher 
than that in D, E and F, respectively, in the x-direction, 
the bulk coal compressive force in B is lower than that 
in A and C, and in E is lower than in D and F. The 
average compressive force F of the bulk coal in the 
six areas at 5 s is shown in Table 4. FD / FA = 21 %,  
FE / FB = 16 %, FF / FC = 19 %, and the average value of 
the three ratios is 19%. FB / FA = 79 %, FB / FC = 81 %,  
FE / FD = 59 %, FE / FF = 70 %, and the average 
value of the four ratios is 72 %. Therefore, in the area 
between two scrapers, in the y-direction, the bulk coal 
compressive force in the first half is about 19% of that 
in the second half, and in the x-direction, the bulk coal 
compressive force between the two chains is about 72 % 
of that between the chain and the chute edge. Fig. 8c 
is the bulk coal compressive force cloud diagram cut 
by the plane perpendicular to the y-axis. The plane 
perpendicular to the y-axis cuts the middle trough 
along the g-g line in Fig. 8b. The g-g line is in the 
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centre of the chain-link adjacent to the scraper, 126 
mm away from the centreline of the adjacent scraper, 
and the maximum value in the cloud diagram is 45 N. 
This picture offers a new perspective.

Table 4.  Bulk average compressive force in the 6 areas at 5 s

Area A B C D E F

Force, F [N] 87 68 84 18 11 16

The bulk coal compressive force in the chute is 
greater than that above chute. The bulk coal inside 
chute is squeezed by scrapers, middle plates, and 
chutes, and moves forward under the force. The bulk 
coal above chute moves forward under the friction 
force of bulk coal in the chute, so the compressive 
force is obviously smaller than that in the chute. The 
scraper pushes bulk coal move in the chute, the thrust 

c) 
Fig. 8. Bulk compressive force cloud diagram at 5 s; a) cut by the plane perpendicular to the x-axis; b) cut by the plane perpendicular  

to the z-axis; c) cut by the plane perpendicular to the y-axis
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is transmitted forward through the bulk, and the rear 
bulk coal pushes the front, so the rear bulk coal bears 
greater force. In addition, the middle plate and chute 
exert backward friction force on coal bulk, and the 
bulk coal near the former scraper moves relative to the 
backward scraper, which makes the bulk coal near the 
former scraper gradually loose, and the compressive 
force is reduced. while the force near the latter scraper 
becomes bigger due to aggregation. Fig. 9 shows 
the bulk coal Z component velocity cloud diagram 
at 5 s and arrow V indicates the motion direction of 
the scraper and chain. In the back of each scraper, 
bulk coal flows downward, while in the front of the 
scraper, bulk coal basically remains unchanged. This 
is because the bulk behind each scraper will become 

increasingly loosed, the bulk coal above will flow 
down to fill the gap left, the shape of the bulk will 
be concave down. The distance between chain and 
chute edge is larger than that between two chains. And 
the more obvious the effect of bulk coal extrusion is, 
the greater the compressive force is. Secondly, the 
influence of chain movement on the bulk coal between 
two chains weakens the bulk  compressive force.

2.2  The Violent Interaction between Bulk Coal and Rigid 
Body Parts

Increase the maximum compressive force value to 
draw the bulk coal compressive force cloud diagram. 
The particles with extreme compressive force are all 

Fig. 9.  Velocity cloud diagram of bulk coal in Z direction at 5 s

Fig. 10.  Bulk compressive force cloud diagram; a) 5 s; b) 5.5 s; and c) 6 s
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squeezed by scrapers or chainrings, which indicates 
that violent interaction happens. The cloud diagram 
seen from the chute bottom upward can clearly show 
coal particles squeezed by scrapers, chainrings, and 
chutes. The maximum value is set to 2000 N, chutes 
and middle plates are hidden, and chains and scrapers 
are retained. The bulk coal compressive force cloud 
diagram of 5 s, 5.5 s, and 6 s are drawn respectively, 
as shown in Fig. 10. The red particles circled in 
yellow indicate that these particles are squeezed. And 
the red particles are mainly located in two places: the 
bottom of scrapers and vertical chainrings, where the 
coal particles are squeezed between the scrapers, the 
chainrings and the middle plates. The compressive 
force value of 12 coal particles marked in yellow in 
Fig 10a is shown in Table 5. Ignoring the particle 1 
and 4 that the force exceeds 10,000 N, the average 
compressive force of the rest 10 particles is 3,536 N. 
However, the average compressive force of all coal 
particles in the whole chute is only 59 N at 5 s, and 
the average compressive force of the 10 particles is 59 
times as much as that of all particles in the chute.

Draw the position relation diagram of extreme 
compressive force coal particles with scrapers, 
chainrings and middle plates at 5 s, as shown in Fig. 
11. The local enlarged picture of the corresponding 
particles below is shown above in the figure. The 
particles 1, 3, 5, and 7 are squeezed between scrapers 
and middle plates; the remaining particles are squeezed 
between vertical rings and middle plates, which are 
almost all squeezed at the bottom of the front half-
ring of the vertical rings. Most of the scrapers and 
chainrings in the picture do not contact with middle 
plates, except for a few chainrings on the left. The left 

chainrings that just enter the chute are less affected by 
bulk coal, while the remaining chainrings and scrapers 
fully interact with the bulk coal and leave the middle 
plates, which makes the particles easy to squeeze. 

The severe squeezing of scrapers, chainrings 
and middle plates with coal particles will affect the 
movement of scrapers and chainrings, but more 
importantly, it will cause serious wear of middle 
plates. Studies and practices have shown that the 
middle plate under two chains formed grooves due to 
wear, and the wear was significantly greater than other 
parts of the middle plate [20]. The above analysis 
reveals the causes of wear, which can be used to 
improve the shape of chainrings or other measures to 
reduce the possibility of coal particles being squeezed, 
so as to reduce the wear of the middle plate.

2.3  The Clamping Condition of Scrapers

Observing the movement of scrapers in the middle 
trough, a scraper (marked as scraper I) operates 
abnormally at 4.4 s and 5.9 s that one side of the 
scraper suddenly stop and the other side still advance; 
then, the scraper returns to normal operation. Both 
times, the scraper is located at the connection of two 
chutes. Scraper I is located at the connection of Chute 
1 and Chute 2 at 4.4 s, and is located at the connection 
of Chute 2 and Chute 3 at 5.9 s. Fig. 12 is the posture 
diagram of scraper I at these two moments, Figs. 12a 
and c shows the position relation of the stuck side of 
the scraper and the previous chute, Figs. 12b and d 
are the bulk coal compressive force cloud diagram at 
these two moments seen from the chutes’ bottom. The 
compressive force values are set in accordance with 

Table 5.  Compressive force value of 12 extreme particles at 5 s

Particle 1 2 3 4 5 6 7 8 9 10 11 12

Force [N] 103646 2855 2631 18524 5035 1835 7603 1841 4212 3867 1865 3614

Fig. 11.  The situation of extreme compressive force coal particles at 5 s
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Fig. 10, the chutes and the middle plates behind are 
hidden, and the middle plate previous is translucent. 
The part of the red circle in Fig. 12a shows the scraper 
is stuck at the top edge of the next chute at 4.4 s, 
and the local enlarged picture shows the scraper is 
embedded in the chute. In Fig. 12b, the coal particles 
at the blocked end of the scraper are not subjected to 
extreme force, indicating that the scraper is not stuck 
on the chute through coal particles, but directly stuck 
on the chute. Figs. 12c and d are the position relation 
diagram of scraper I and chutes at 5.9 s, which is 
similar to that at 4.4 s and will not be analysed in 
detail.

Fig. 12.  The posture of scraper I at 4.4 s and 5.9 s;  a) the 
position relation of the scraper and chute at 4.4 s; b) the bulk 

compressive force cloud diagram at 4.4 s; c) the position relation 
at 5.9 s; and d) the bulk compressive force cloud diagram at 5.9 s

When the scraper is stuck in the chute, there is a 
huge contact force between the scraper and the chute, 
and the tension of the chain is affected. Fig. 13 shows 
the contact force in the y-direction between scraper I 
and chutes. The blue, red, and green lines respectively 
represent the contact force in the Y y-direction 
between scraper I and chute 1, 2 and 3, and the upper 
right corner is the local narrowing picture. At 3.5 s to 
4.4 s, the contact force in the y-direction is generated 
when Scraper I runs in Chute 1. During this period, 
Scraper I does not contact Chute 2 and 3, so both 
contact forces are 0. Similarly, the contact force is 
generated between Scraper I and Chute 2 at 4.4 s to 
5.9 s, and between Scraper I and Chute 3 at 5.9 s to 
6 s. The contact force changes abruptly at about 4.4 
s and about 5.9 s, reaching the maximum 107 kN 
and 113 kN, respectively, while the contact force in 

normal operation is around 5 kN. Fig. 14 shows the 
tension curves of the chainrings connected to the front 
and back of Scraper I. The upper right corner is the 
local narrowing picture. Around 4.4 s and 5.9 s, the 
chain tension before the scraper increases to 302 kN 
and 346 kN, respectively, while the maximum chain 
tension only reaches 80 kN in other times, and the 
chain tension after the scraper turns to 0 around these 
time points, because the contact between the chainring 
and the scraper is loosened. When Scraper I is stuck, 
the chainrings before the scraper are subjected to the 
maximum force, and the maximum tension of chain 
rings are 2.8 and 3.1 times of the maximum contact 
force between the scraper and the chute, respectively.

Fig. 13.  The contact force in the y-direction  
between scraper I and chutes

Fig. 14.  The tension of the chains connected  
to the front and back of scraper I 

The structural strength of chainring is smaller 
than that of scraper and chute, and the force on 
the chainring is larger than that of the scraper and 
chute, so the chain is more vulnerable to damage, 
and the frequency of chain-breaking accidents is 
higher in reality. The structure of the connection of 
two chutes should be optimized so that the scraper 
passes smoothly under the action of bulk coal. At 
the same time, the structural strength of chainring 
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is strengthened to reduce the damage caused by the 
clamping.

3  CONCLUSIONS

The main conclusions of this paper are as follows:
(1)	 The rigid and discrete coupling model of scraper 

conveyor is established. The bulk coal force 
simulated by the discrete model reaches 87 % of 
the test value, and the correlation coefficient R 
between the simulation value and the test value 
of the bulk coal fluidity is close to 0.9879. The 
coupling model can simulate the transport process 
of coal bulk in the middle trough, providing a 
new reference for the relevant research of scraper 
conveyor.

(2)	 The bulk coal compressive force distribution in 
the middle trough has an obvious gradient. The 
bulk coal compressive force in the chute is larger 
than that above chute. In the chute between two 
scrapers, in the y-direction, the bulk compressive 
force in the first half is about 19 % of that in 
the second half, and in the x-direction, the bulk 
compressive force between two chains is about 
72 % of that between the chain and the chute side.

(3)	 Coal particles are easily squeezed between 
scrapers and middle plates, and between vertical 
rings and middle plates. The average compressive 
force of the squeezed coal particles is 3536 N, and 
the average force of all particles in chutes is 59 N. 
The average compressive force of the squeezed 
coal particles is 59 times of that in chutes. Coal 
particles with extreme compressive force will 
aggravate the wear of the middle plate and affect 
the normal movement of scrapers and chainrings 
in the middle trough.

(4) The scraper is easily stuck at the connection of 
two chutes; especially at the top edge of the next 
chute. When it happens, the chainrings in front of 
the scraper will suffer the maximum tension, and 
the maximum tension of the chainrings is about 
three times that of the maximum contact force 
between the scraper and the chute.
Although the length of the model is short, the 

typical features of the chaindrive of the scraper 
conveyor are available. The conclusions above are 
worthy of reference for future research. Meanwhile, 
a complete scraper conveyor is more complex, and 
some mechanical characteristics are not reflected in 
this research.
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