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The scraper conveyor is the key conveying equipment for fully mechanized coal mining. Wear failure of the chute is the main form
of failure of the scraper conveyor. In this study, the discrete element method (DEM) was combined with the wear model. The wear
mechanism and wear regularity of the chute were explored by tracking the changes in the position of coal particles during the wear
process. After the validation of wear simulation, a wear test of coal for different intrinsic parameters was designed. In onewear cycle,
the three-body wear was about 32.84 times that of the two-body wear. In the research range, the wear of the scraper conveyor chute
increased with the increase of Poisson’s ratio, shear modulus, and density of the coal. The shear modulus showed remarkable effect
on the wear of the chute, followed by Poisson’s ratio and density.There existed a linear relationship between the shear modulus and
wear (R2 = 0.8232). This study is expected to be used to predict the wear of the scraper conveyor chute and provide a theoretical
basis for the applicability of the chute in different mines.

1. Introduction

The scraper conveyor is the key equipment of mechanized
coal mining in fully mechanized coal face [1, 2]. It is a
continuous conveying machine with a flexible body used in
longwall mining face [3–5]. The chute is the core component
of the scraper conveyor, accounting for more than 70% of
the total weight of the scraper conveyor. Its performance
directly affects the reliability and service life of the scraper
conveyor [6]. The failure mode of the scraper conveyor is
mainly the wear of the chute. During coal conveying, the
scraper and chain slide on a plate, with the coal and gangue
acting as abrasives that interact intensively with the middle
plate, causing serious wear on the plate [7, 8].

Abrasive wear refers to the wear caused by the interaction
between hard particles and the surface of materials, resulting
in deterioration of material quality. Abrasive wear is mainly
manifested as microcutting, wedge forming, and ploughing
on the surface of materials [9, 10]. It can be categorized into
two-body and three-body wear types. In reality, three-body
wear is more common than two-body wear and, theoretically,
three-body wear is more serious than two-body wear [11–13].

With regard to the wear mechanism of abrasive wear, Bialo-
brzeska et al. studied the wear properties of low-alloy boron
steel by a grinding wheel wear-testing machine. It was found
that the wear of low-alloy boron steel mainly manifested
as microcutting and microplough, and the peeling off of
large particles caused wear marks on the wear surface [14].
Huang et al. uniformly distributed (Ti,Mo)C particles on the
martensite matrix of the material and carried out a three-
body wear test of the dry grinding wheel and rubber wheel
under different loads. It showed that the particles could effec-
tively resist microcutting, the main wear mechanism of the
experimental steel was through formation of pits and other
indications of surface fatigues [15]. Yousif et al. studied the
relationship between thewear rate andmechanical properties
under high stress conditions. As a result, CGRP composite
exhibited better wear characteristic in P-O than in AP-O and
N-O. Different wear mechanisms were observed on the worn
surfaces of the materials, including pitting, macrocracks, and
breakage and debonding of the fibres [12]. Through a dry
grinding wheel and rubber wheel wear test, Nahvi et al. found
that when wear occurred, the abrasive particle motion state
was related to the shape, size, speed, and other factors [16].
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Xu et al. studied the wear of different high-speed steels via
an abrasive wear test. It was found that the abrasive particle
size and load clearly influenced the wear of different high-
speed steels, but the carbide type of the material determined
the relative wear resistance of these steels [17]. All the studies
mentioned above are very useful in analyzing the abrasive
wear results especially the wear mechanism.

The wear of the scraper conveyor chute cannot be studied
directly via experiments because it is not allowed in the
mine.Therefore, it is particularly important to carry out wear
tests in the lab. In order to study the wear resistance of
wear-resistant steel under typical mining and transportation
conditions, Rendón et al. designed the pin-disk test and
paddle wear test for sliding wear and impact wear under
laboratory conditions.The results showed that, depending on
the abrasive conditions, a combination of high hardness and
toughness (fracture strain) is important for achieving high
wear resistance [18]. Woldman et al. studied the effects of
abrasive grain size, shape, hardness, and feed rate on abrasive
wear in the case of three-body wear [19]. After using the
MLS-225 wet sand semifree abrasive wear-testing machine,
Shi found that the wear increased with the increase in
pressure and sliding speed and decreased with increase in the
proportions of water, coal, and gangue [20]. Ge et al. studied
the impact abrasive wear performance of shear wear-resistant
steel by using MLD-10 impact wear-testing machine and
found that the impact wear resistance of medium-manganese
austenitic steel was higher than that of martensitic steel
[21].

The DEM can be used to build a numerical model
according to the characteristics of the discrete material. It
yields good results when analyzing the contact mechanics
of bulk materials and geometric bodies [22–25]. Combining
the classical wear model with the DEM provides a new way
to study the wear. Forsström et al. combined the DEM and
finite element method with the Archard model to construct a
model of the flow andwear behavior of the bulkmaterial [26].
Jafari et al. applied the DEM to study the effects of grid slope,
vibration frequency, and excitation direction on the wear of
vibrating screens. It was found that the wear rate increased
with increase in the vibration frequency and grid slope [27].
Chen et al. used DEM to apply the wear model to the study of
single-particle sliding wear [28].

In summary, the extant experimental studies on wear
mechanism are limited to the study of material wear mor-
phology,macroscopic abrasivemovement state, and the influ-
ence of different factors on wear. It is difficult to simulate the
real underground working conditions through the general
wear test. Tracking the position of typical coal particles and
obtaining the force of coal and chute are impossible in real
tests. Furthermore, research on the wear of the chute under
the interaction of coal and the chute is lacking. This study
focused on the wear of the scraper conveyor combining
the experiment and the simulation. The objectives of this
study were (1) to study the wear mechanism of the scraper
conveyor chute; (2) to study the mechanical behavior and
wear behavior between coal and the chute; and (3) to study
the wear regularity of the scraper conveyor chute under
different intrinsic parameters.
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Figure 1: Soft sphere particle model.

2. Theory and Method

2.1. Discrete Element Particle Contact Model. The soft sphere
model allows for overlapping parts at the contact point, and
particle collisions can last for a certain time [29]. When the
scraper conveyor transports bulk coal, the speed is not high,
and multiple particles interact simultaneously. Hence, this
soft sphere contact model has applicability.

The soft sphere particlemodel is shown in Figure 1. Under
the action of an external force or inertia, particle 𝑖 comes in
contact with particle 𝑗 at point𝐶.The dotted line indicates the
initial position of particle 𝑖. As the relative motion proceeds,
the surfaces of the particles gradually deform and produce
the contact force. The soft sphere model does not consider
details of the deformation; it only calculates the tangential
displacement 𝛿 and normal overlap 𝛼 and then obtains the
contact force.

The soft spheremodel sets up the coupler, spring, damper,
and slider between the two particles. The coupler does not
introduce any force and is only used to determine the pairing
relationship of the particles in contact. Parameters such as
elastic coefficient 𝑘 and damping coefficient 𝑐 are required
for the soft sphere model to quantify the action of spring,
damper, and slider. The interaction force between particles is
an important part of the soft sphere contact theory; this force
can be divided into normal and tangential forces (Figure 2).

Normal force𝐹𝑛𝑖𝑗 is the resultant force of elastic force and
damping force on particle 𝑖. According to the Hertz contact
theory, 𝐹𝑛𝑖𝑗 can be obtained as follows:

𝐹𝑛𝑖𝑗 = (−𝑘𝑛𝛼3/2 − 𝑐𝑛𝑣𝑖𝑗 ∙ 𝑛) 𝑛 (1)

Similarly, the tangential force 𝐹𝑡𝑖𝑗 is as follows:

𝐹𝑡𝑖𝑗 = −𝑘𝑡𝛿 − 𝑐𝑡𝑣𝑐𝑡 (2)

where n is the unit vector from the center of particle 𝑖 to
the center of particle j; 𝛼 is the normal overlap; V𝑖𝑗 is the
velocity vector of particle 𝑖 relative to particle j; 𝛿 is the
tangential displacement of the contact point; 𝑘𝑛, 𝑘𝑡 are the
elastic coefficient; 𝑐𝑛, 𝑐𝑡 are the damping coefficients; and V𝑐𝑡
is the sliding velocity of the contact point.
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Figure 2: Simplified model for the contact force of particles.

If particle 𝑖 is in contact withmultiple particles at the same
time, the total force exerted by particle 𝑖 can be calculated by
the following formula:

𝐹𝑖 = ∑
𝑗

(𝐹𝑛𝑖𝑗 + 𝐹𝑡𝑖𝑗) (3)

The elastic and damping coefficients introduced in the
soft sphere model are related to the elastic modulus and
Poisson’s ratio of particles. Generally, they have to be cali-
brated in the experiments. The normal elastic coefficient 𝑘𝑛
is determined by the Hertz contact theory.

𝑘𝑛 = 43 (
1 − V2𝑖𝐸𝑖 + 1 − V2𝑗𝐸𝑗 )

−1

(𝑅𝑖 + 𝑅𝑗𝑅𝑖𝑅𝑗 )
−1/2

(4)

where E is the elastic modulus of particle materials and V is
Poisson’s ratio of particle materials.

If the two spheres are made of the samematerial and have
equal radii, then 𝑘𝑛 can be simplified as follows:

𝑘𝑛 = √2𝑅𝐸3 (1 − V2) (5)

The tangential elastic coefficient 𝑘𝑡 is determined by the
following formula:

𝑘𝑡 = 8𝛼1/2(1 − V2𝑖𝐺𝑖 + 1 − V2𝑗𝐺𝑗 )
−1

(𝑅𝑖 + 𝑅𝑗𝑅𝑖𝑅𝑗 )
−1/2

(6)

where G is the shear modulus of particle materials.
If the two spheres are made of the samematerial and have

equal radii, then 𝑘𝑡 is simplified as follows:

𝑘𝑡 = 2√2𝑅𝐺(1 − V2)𝛼1/2 (7)

The normal damping coefficient 𝑐𝑛 and tangential damp-
ing coefficient 𝑐𝑡 are calculated as follows:

𝑐𝑛 = 2√𝑚𝑘𝑛 (8)

𝑐𝑡 = 2√𝑚𝑘𝑡 (9)

The elastic coefficients are related to the normal overlap
and should be calculated in real time according to the contact
processwhen determining their values; however, this involves
an enormous amount of calculation. To simplify the calcula-
tion, in the soft sphere model, the details of deformation and
loading history are usually ignored and the model is based
on the assumption that the elastic and damping coefficients
remain unchanged throughout the contact process.

2.2. Particle Contact Model. In this study, the contact model
between coal particles was set up as aHertz–Mindlin (no slip)
model. This model is based on the research results obtained
by Mindlin. It is accurate and efficient for calculating the
contact and collision between particles.

It is assumed that the two spherical particles with radii𝑅1 and 𝑅2 make contact with each other elastically, and the
normal force 𝐹𝑛 between the particles is obtained by the
following formula.

𝐹𝑛 = 43𝐸∗ (𝑅∗)1/2 𝛼3/2 (10)

where 𝐸∗ is the equivalent elastic modulus, 𝑅∗ is the
equivalent particle radius, and 𝛼 is the normal overlap.

The normal damping force 𝐹𝑑𝑛 can be obtained from the
following formula:

𝐹𝑑𝑛 = −2√56𝛽√𝑆𝑛𝑚∗V𝑟𝑒𝑙𝑛 (11)

where 𝑚∗ is the equivalent mass, 𝑆𝑛 is normal stiffness, and
V𝑟𝑒𝑙𝑛 is the normal component value of relative velocity.

The tangential force 𝐹𝑡 between particles is calculated
using the following formula:

𝐹𝑡 = −𝑆𝑡𝛿 (12)

where 𝑆𝑡 is tangential stiffness and 𝛼 is tangent overlap.
The tangential damping force 𝐹𝑡 between particles can be

calculated from the following formula:

𝐹𝑡 = −2√56𝛽√𝑆𝑡𝑚∗]𝑟𝑒𝑙𝑡 (13)

where V𝑟𝑒𝑙𝑡 is tangential relative velocity.
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Figure 3: Wear form of the chute.

The tangential force is related to friction 𝜇𝑠𝐹𝑛, and 𝜇𝑠 is
the coefficient of static friction.

In addition, the rolling friction in the simulation cannot
be ignored, and the rolling friction can be explained by the
torque on the contact surface.

𝑇𝑖 = −𝜇𝑟𝐹𝑛𝑅𝑖𝜔𝑖 (14)

where𝑅𝑖 is the distance from the center ofmass to the contact
point, 𝜇𝑟 is the rolling friction coefficient, and 𝜔𝑖 is the unit
angular velocity vector of the object at the point of contact.

2.3. Wear Model. During coal conveying, the scraper and
chain slip on the chute. During this process, coal and
gangue act as abrasive particles and enter the spaces between
the scraper, chain, and the chute, producing furrow and
microcutting actions on the chute and causing wear failure
of the scraper conveyor chute. The furrow action on the
surface of the chute is shown in Figure 3(a). During coal
conveying, the hard particles under the action of the force
are subjected to repeated extrusion of the scraper and chain.
Plastic deformation and small cracks are produced in the
chute.The fatigue loss would occurwhen the chute with small
cracks suffers from further extrusions. The microcutting
effect on the surface of the chute is shown in Figure 3(b).
When the impact angle and hardness are appropriate, the
hard particles will produce a microcutting action on the
surface of the chute. This will cause the material to peel off
the surface of the chute directly.

The Hertz–Mindlin model with the Archard wear model
was used in this study. According to the Archard model, the
wear volume of the geometry is given as

𝑉 = 𝐾𝑁𝐿𝐻 (15)

whereV is thewear volume of the plane,N is the normal load,
K is the wear coefficient, L is the sliding distance, andH is the
hardness of the material being grinded.

𝑊 = 𝐾𝐻 (16)

whereW is the wear constant.
In EDEM (a discrete element method software for bulk

material simulation), the parameter related to wear is the

wear constant 𝑊. Hence, the wear volume of geometry is
expressed as follows:

𝑉 = 𝑊𝑁𝐿 (17)

In the Archard model, it is very difficult to determine the
wear coefficient 𝐾. This constant can be regarded as the sum
of all wear factors, including hardnessH, except normal load𝑁, and sliding distance 𝐿. The hardness plays a major role in
determining the wear coefficient.

In the EDEM, the wear depth is used to characterize wear
volume.

ℎ = 𝑉𝐴 (18)

where 𝐴 is the removed area of material.

2.4. Construction of the Experimental Model

2.4.1. �ree-Dimensional Geometric Model of the Abrasive
Wear-Testing Machine. When the scraper conveyor trans-
ports coal, the scraper, scraper chain, and middle plate are all
in contact with coal. Bulk coal acts as an abrasive medium
and leads to the abrasive wear of the scraper-coal-middle
plate. The improved ML-100 abrasive wear-testing machine
was designed for this wear mechanism (Figure 4(a)). It could
simulate the wear mechanism of the scraper conveyor chute
to the greatest extent. The working principle of the wear-
testing machine was that the scraper sample was fixed at
a certain position from the center of rotation of the bulk
coal trough, and this position was determined according to
the installation position of the middle plate sample. Coal of
certain quality and particle size was added to the trough, so
that both the scraper andmiddle plate sample were in the coal
environment. When the test starts, the middle plate sample
rotated counterclockwise with the trough, leading to abrasive
wear at the wedge.

The improved wear-testing machine is shown in Figure 4.
The geometric model of the middle plate sample is shown
in Figure 5(a). The middle plate sample was composed of
six identical sectoral samples and was fixed on the bottom
plate by screws. The final form was a circular ring sample
with an outer diameter of 260mm and an inner diameter of
180mm.The outer diameter of the groove was 375mm, while
the inner diameter was 315mm, and the groove depth was
37mm. The geometric model of the scraper sample is shown
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Table 1: Key sizes.

Symbol Meaning Sizes (mm)
l1 The length of Scraper sample 20
l2 The width of scraper sample 20
l3 The length of wedge 15
h1 The height of wedge 30
h2 The height of scraper sample 11

(a) The real machine

Middle plate sample

Bottom plate

Trough

Scraper sample champ

Scraper sample

Upper cover

Bottom plate clamp

(b) The simplified model

Figure 4: Improved ML-100 abrasive wear-testing machine.

in Figure 5(b). The key sizes of the scraper sample are listed
in Table 1.

In this study, the discrete element software (EDEM 2.7)
was used to simulate the wear of the wear-testing machine.
Generally, the 3D geometric model is imported into EDEM
in the .stp or .igs formats. The EDEM automatically meshes
the geometric model, but the mesh quality is relatively rough.
The quality of the mesh had little effect on the motion state
of particles, but it played a remarkable role in determining
the wear location and accurately obtaining the wear depth.
The EDEM could only recognize triangular meshes. Each
sectoral sample in the middle plate samples was refined by
using GAMBIT 2.4.6 software, and the mesh spacing was set
to 0.5. The middle plate sample model was imported into the
EDEM in .mah format. Each sectoral plate sample had 11,916
meshes.

2.4.2. Particle Model. In reality, coal particles are irregular
with greatly varying shapes. The EDEM can simulate the
typical coal particle shapes by accumulating several small
balls. The closer the particle model is to the real particles,
the more accurate the results will be obtained. However, too
many balls will considerably reduce the calculation efficiency.
Before the wear simulation test, several types of particle
shapes were screened by a simple stacking angle test. Finally,
the 10-ball particle model with a stacking angle error of 0.4%
was selected as the particle model (Figure 6(a)). The typical
coal particle is shown in Figure 6(b). Coal particles with a
particle size of 5mm were used for wear simulation in this
study. All coal particles were randomly generated in the range
of 4–6mm.

2.4.3. Contact Parameters. In the wear simulation, the
Hertz–Mindlin (no slip) contact model was used for the
particles, and the Hertz–Mindlin model with Archard wear
contact model was selected to reproduce the interaction
between particles and geometry. The intrinsic parameters
referred to the EDEM material property database and set as
listed in Table 2. The contact parameters were set as listed
in Table 3. As the wear regularity of the scraper conveyor
chute was studied in this study, only the relative wear volume
was required. The wear constant between the friction pair
of the coal and the NM360 wear-resistant steel was 0.8 ×
10−12m2/N [26, 31]. The simulation time step was set to 25%
of the Rayleigh time step, and the storage time interval of
simulation data was 0.05 s.

2.5. Study on Wear Mechanism and Wear Regularity by Using
the DEM. The wear was simulated for a certain particle size
(5mm) of coal with different physical characteristics. The
total mass of coal in the trough was 1 kg, and the center of
the scraper sample was 110mm away from the trough center.
The simulation time was 5 s. The first 3 s were the time taken
for particle formation and blanking, and the later 2 s were the
time taken for trough rotation wear. Under this condition,
the linear velocity of the center of the scraper sample was
0.7m/s, and the groove rotated two cycles counterclockwise
uniformly.

2.5.1. Analysis of Particle Motion and Force. As the wear
machine rotated counterclockwise in the trough, the coal was
inevitably centrifuged in the trough. In the simulation process
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Table 2: Intrinsic parameters.

Intrinsic parameters Density (kg/m3) Poisson’s ratio shear modulus (Pa)
Coal 1500 0.3 2 × 108

NM360 wear-resistant steel 7800 0.3 8 × 1010

Table 3: Contact parameters [30].

Contact parameters Coefficient of restitution Coefficient of static friction Coefficient of rolling friction
Coal - Coal 0.5 0.6 0.05
Coal- NM360 wear-resistant steel 0.5 0.4 0.05

Sector1

Sector2

Sector3Sector4

Sector5

Sector6

Middle plate sample

ZC

YC

XC

(a) Middle plate sample

Wedge
h 2

l 2

h 1

l1

l3

(b) Scraper sample

Figure 5: Model of the scraper sample.

(a) Coal particle model (b) Typical coal particle

Figure 6: Coal particle model and the typical coal particle.

of the wear machine, the scraper sample was fixed at a certain
position. Particles at the wedge of the scraper directly caused
the wear of the middle plate sample, but the locations and
positions of the particles in the wedge changed constantly
because of interaction with other particles or geometry.

2.5.2. Analysis of the Geometry Force. The middle plate sam-
ples were annular samples made up of six identical sectoral
samples (Figure 5(a)). Positional relationship betweenmiddle
plate sample and scraper sample is shown in Figure 7. Hence,
the force of a single sectoral sample varied periodically.When
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Table 4: Wear test design.

Physical properties Numerical change level
Poisson’s ratio 0.26 0.28 0.30 0.32 0.34 0.36 0.38 0.40 0.42
Shear modulus (×108 Pa) 1 2 3 4 5 6 7 8 9
Density (kg/m3) 1100 1200 1300 1400 1500 1600 1700 1800 1900

Sector1

Sector2

Sector3Sector4

Sector5

Sector6

Middle plate sample
(including sector 1, 2, 3, 4, 5, 6)

Scraper sample

ZC

YC

XC

Figure 7: Positional relationship between middle plate sample and
scraper sample.

the scraper sample was not above the sectoral sample, the
sectoral sample was only subjected to the force of the free
bulk coal above itself, and the force on the sectoral sample
was small. However, when the scraper sample was above the
sectoral sample, the sectoral sample was subjected to not
only the force of free bulk coal, but also the force on the
inclined wedge under the action of the scraper sample. The
force transmitted by the particles was relatively large (three-
body wear).

2.5.3. Analysis of the Middle Plate Wear. In this study, the
wear caused by particle formation and blanking was not
considered. The wear constant of the first 3 s was set to 0
and that after 3 s was determined according to the test design.
Two forms of middle plate wear, namely, two-body wear and
three-body wear, were observed. Theoretically, three-body
wear represents greater force than two-bodywear, and, hence,
three-body wear is more serious than two-body wear.

2.5.4. Design of the Chute Wear Test for Different Parameters.
The physical properties of coal include the Poisson’s ratio,
shear modulus, and density which vary greatly among differ-
ent types of coal. Poisson’s ratio of coal reflects the transverse
deformation coefficient of coal under unidirectional tension
or compression, and it is generally in the range of 0.26–0.42.
The shearmodulus of coal indicates the ability of coal to resist
shear strain, and it is generally in the range of 1 × 108 – 9 ×
108 Pa. The density of coal is determined by the type of coal,
and it is generally in the range of 1100–1900 kg/m3. In this
study, Poisson’s ratio, shearmodulus, and density of coal were
simulated at nine levels to determine the wear regularity of
the chute for various physical properties (Table 4).

Time: 5 s

1.10

0.94

0.79

0.63

0.47

0.31

0.16

0

Volocity (m/s)

Figure 8: Velocity vector plot of bulk coal.

3. Results and Analysis

3.1. Particle Motion State and Force

3.1.1. Motion State of Particles. Thevelocity vector plot of coal
is shown in Figure 8. During wear simulation, the scraper
sample was stationary, and the middle plate sample rotated
counterclockwise. The linear velocity of the scraper sample
was 0.7m/s, and the coal was centrifuged in the trough.
The velocity of the bulk coal at the edge of the trough was
about 1.1m/s. The velocity of the bulk coal decreased when
it touched the scraper sample, and it moved toward the
two sides of the scraper sample. In this state, the scraper
sample and the middle plate sample were basically in the
relative motion at a speed of 0.7m/s, and coal particles were
constantly entering the wedge of the scraper sample.

Particles around the wedge of the scraper sample were
tracked. The locations and positions of particles at different
times are shown in Figure 9.Theposition of Particle 1 changed
remarkably at 3.8 s compared to 3.75 s.

3.1.2. Force of the Particles. The force chain could be used to
show the transfer of force between particles (Figure 10(a)).
A larger force chain represents greater force. The local
enlargement plot is shown in Figure 10(b). Most of the force
chains far from the wedge of the scraper sample were blue,
indicating that the force on the coal particles was small. The
chain near the wedge tended to be red and was also thicker,
indicating that the force between the particles was the greatest
under the wedge.
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Particle1

Archard Wear (mm)

0 8.00e-86.86e-85.71e-84.57e-83.43e-82.29e-81.14e-8

Time: 3.75 s

(a) Locations and positions of particles at 3.75 s

Archard Wear (mm) Wear disappear

0 8.00e-86.86e-85.71e-84.57e-83.43e-82.29e-81.14e-8

Time: 3.80 s

(b) Locations and positions of particles at 3.80 s

Figure 9: Locations and positions of particles at different times.

5.00e-2

4.29e-2

3.57e-2

2.86e-2

2.14e-2

1.43e-2

7.14e-3

0

Time: 5 s
Normal Force (N)

(a) Overall distribution of the force chain (b) Local enlargement of the force chain

Figure 10: Force chain distributions.

3.2. Force of Geometry

3.2.1. Force of Sector Sample. The force of one sectoral sample
was analyzed (Figure 11). The trough led to counterclockwise
rotation by two cycles in 3–5 s. At 3.45 s and the force of
the sectoral sample suddenly increased to 140 N (from 3.45
to 3.65 s) when the scraper samples moved onto the top
of the sectoral sample. The average wear depth increased
continuously during this period. When the scraper sample
left the sector sample at 3.65 s, the force on the sector sample
suddenly tended to 0 and the average wear depth almost did
not increase. A similar situation was observed during the
period 4.45–4.65 s. When the scraper sample was located
above the sectoral sample, three-body wear occurred, and the
wear was serious. When the scraper sample was not above
the sectoral sample, two-body wear occurred, causing lesser
wear. As shown in Figure 12, the wear mainly occurred in the
periods of 3.46–3.65 s and 4.45–4.65 s with a wear depth of
3.317 × 10−8mm. In other periods, the wear depth was 0.101

× 10−8mm. In one wear cycle, the three-body wear was 32.84
times of the two-body wear.

3.2.2. Force of the Scraper Sample. The force of the scraper
sample is shown in Figure 13. The force of the scraper
sample acted on the ring middle plate sample, without gaps,
and it was not periodic, but fluctuating. The change in the
position of the particles under the wedge directly affected the
occurrence of three-body wear, and the force of geometry
changed greatly.

3.3. Validation of the Wear. In an actual wear test, the
middle plate material was made of NM360 wear-resistant
steel. Several hours of wear test were needed to weigh the
sample accurately. However, the calculation efficiency was
limited in the EDEM; hence, it was not suitable to compare
the simulated wear with the real one at the same order of
magnitude. By observing the actual wear position and wear
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Figure 11: Force of the sectoral sample.
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Figure 12: Average wear depth of sector sample.

characteristics of the middle plate sample (Figure 14(b)) and
comparing them with the simulation results (Figure 14(a)),
the wear areas of the two samples were found to be identical,
and the wear dimension was similar to the width of the
scraper sample under the scraper sample.

The middle plate sample exhibited clearly inhomoge-
neous wear, indicating that the wear depth and wear width
varied with the sample positions (Figure 15(a)). Thus, the
three-body wear occurred under certain conditions. As
shown in Figure 15(b), after several hours of actual wear
test, it was difficult to find intermittent wear, but the wear
depth and wear width were different at different locations.
The simulation results were consistent with the actual wear
location and wear characteristics.

Severe wear occurred in the sliding area below the wedge
when Particle 1 moved below the wedge (Figure 9(a)). As
shown in Figure 9(b), when the position of Particle 1 changed,
it was no longer subjected to the wedge force and was not
able to produce severe wear (only two-body wear occurred).
Therefore, the three-body wear occurred when the scraper
sample and themiddle plate sample exhibited relativemotion.
Meanwhile, the particle was subjected to the wedge, and the
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Figure 13: Force of the scraper sample.

position was appropriate. For the whole middle plate, three-
body wear occurred intermittently on the surface, resulting
in an uneven force on the scraper sample.

3.4. Study on Wear Regularity of the Chute under Different
Parameters. The three-body wear occurred in certain condi-
tions. Theoretically, the wear of middle plate sample was not
completely uniform. In order to reduce the influence caused
by the randomness of abrasive wear, the average wear depth
of six samples at a time was calculated as the average wear
depth for that duration. Taking the data at 5 s (wear constant
= 0.8 × 10−12m2/N) as an example (Figure 16), the average
wear depth of six sectoral samples was found to be different
because of the randomness of three-body wear.

3.4.1. Effect of Poisson Ratios on the Wear of the Chute. The
average wear depth for different Poisson’s ratios is shown in
Figure 17. Most of the scatter points and trend lines were
similar, and the wear increased as Poisson’s ratio increased.
This can be attributed to the increase in the normal overlap of
coal particles in contactwith coal particles andparticles based
on the soft ball model. The normal contact force increased
when the particles came into contact with the middle plate
sample, resulting inmore serious wear. Some scattered points
deviated far from the trend line, and these were attributed
to the more serious three-body wear in the simulation.
According to Section 3.3, the formation of the three-body
wear was random, the probability of the occurrence of three-
body wear caused the wear condition fluctuating significantly
(when Poisson’s ratio = 0.38).

3.4.2. Effect of Shear Modulus on the Wear of the Chute. The
shearmodulus showed a linear relationship with the wear (R2
= 0.8232) (Figure 18).This relationshipwas due to the fact that
an increase in the shear modulus would increase the normal
overlap of coal particles in contact with coal particles and
geometry. As a result, the normal contact force of the middle
plate sample would increase.
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3.4.3. Effect of Density on the Wear of the Chute. The shape
and size of single coal particles remained constant when
studying the effect of density on wear, but the mass of the
particles increased with the density.The change of density led
to obvious fluctuation of wear change, and higher density led
to greater wear when the fluctuation factor was eliminated
(Figure 19). At the same speed, greater mass of coal particles
led to greater kinetic energy. In the process of three-body
wear formed by an inclined wedge, a greater impact load was
generated, resulting in more serious wear on the middle plate
sample. Because the total mass of particles in the trough was
certain, the density of particles affected not only the quality
of single particles, but also the number of generated particles.
There were more particles when the particle mass is small.
Thus, the possibility of three-body wear was higher, resulting
in serious wear (when density = 1400kg/m3). There were
fewer particles as the particle mass large.Thus, the possibility

of three-body wear was lower, resulting in less wear (when
density=1800kg/m3).

Within the range of Poisson’s ratio, shear modulus, and
density, the simulation data that deviated from the fitting
curve were eliminated. The differences between the maxi-
mum wear depth and minimum wear depth were 1.725 ×
10−8mm, 7.218 × 10−8mm, and 1.158 × 10−8mm. The shear
modulus had the greatest effect on the wear of the chute.
Poisson’s ratio had less influence and the density ratio had the
least influence on the wear of the chute.

4. Conclusions

(1) The abrasive wear, comprising both two-body wear and
three-body wear, was studied in this study. The normal force
in the three-body wear state was much larger than the two-
body wear, in one wear cycle, the amount of three-body wear
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Figure 16: Average wear depth of sectoral samples.
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Figure 17: Average wear depth for different Poisson’s ratios.
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was about 32.84 times of the two-body wear, so the severity
of three-body wear was much greater than two-body wear.(2) The three-body wear in the scraper conveyor chute
occurred under certain conditions: the coal particles were in
a certain position between the scraper and the chute, sliding
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Figure 19: Average wear depth for different densities.

on the chute under the action of the scraper. Therefore, the
wear of the chute was discontinuous and random.(3) The wear increased with the increase of Poisson’s
ratio, shearmodulus, and density.The shearmodulus showed
remarkable effects (wear depth = 7.218 × 10−8mm), and
Poisson’s ratio had little effect (wear depth = 1.725× 10−8mm).
Density affected wear by affecting particle quality and load;
density had the least effect (wear depth = 1.158 × 10−8mm) on
the wear. The shear modulus exhibited a linear relationship
with the wear (R2 = 0.8232).
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