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With the advancement of social science and technology and the escalating demand for resources, the utilization rate and 

load of mechanical equipment in diverse industries have become increasingly prominent. Mechanical malfunctions occur 

frequently, especially in material transportation, causing substantial economic losses. Mechanical wear has emerged as the 

principal cause of mechanical equipment failure; hence, studying the wear of particles and transportation machinery is of 

paramount importance. This paper utilizes the discrete element method and numerical simulation approach to investigate 

the influence of mechanical structure alterations on the wear of discharge chutes in coal conveyor systems. The results 

reveal that in terms of speed, reducing the conveyor belt speed has negligible effects on the falling trajectory and 

distribution characteristics of the materials but reduces the frequency of contact between the materials and the chute 

surface, thereby diminishing the tangential force exerted by the materials on the chute. The tangential cumulative force 

plays a crucial role in the wear of the chute by granular particles and can effectively alleviate the wear of the chute. With 

respect to the inclination angle of the conveyor belt, when increasing the angle clockwise, the influence on the falling 

trajectory and distribution characteristics is relatively minor, and the falling speed of the materials will accelerate. 

Nevertheless, the wear of the chute will decrease as the inclination angle increases. When increasing the inclination angle 

counterclockwise, the falling trajectory and distribution characteristics are significantly affected, and the materials will 

tend to concentrate, and the falling speed will decelerate, resulting in a substantial reduction in chute wear. These 

discoveries provide theoretical underpinnings for reducing equipment wear and optimizing coal transportation equipment. 
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1. INTRODUCTION 

As social science and technology advance, the 

widespread use of machinery and equipment has become 

increasingly common across all sectors. However, due to 

rising resource demands, machinery and equipment are 

experiencing heavier workloads, resulting in frequent 

mechanical malfunctions. The primary type of failure in the 

coal conveying system is wear failure, which significantly 

impacts production efficiency and poses a threat to the 

safety of workers' lives and property. Research indicates 

that 82 % of wear during mining operations involves surface 

damage to transportation equipment caused by materials 

such as coal [1]. The coal mining transportation system 

heavily relies on mechanical equipment, with the silo 

discharging chute being a key component [2]. The 

effectiveness of the chute significantly impacts the 

dependability and longevity of the system. In our research, 

the GOST 30479-97 standard, titled “Assurance of Wear 

Resistance in Products” plays a crucial role as it outlines 

essential requirements and testing methods for assessing the 

wear resistance of various products, especially those used in 

coal transportation systems. Adhering to this standard is 

critical for minimizing machinery failure rates and 

improving the durability of vital components like chutes and 

conveyors. The GOST 30479-97 provides a thorough 

framework for measuring the wear resistance of materials 

and structures, which is directly relevant to our study on the 
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wear characteristics of coal drain chutes in open-pit mining 

operations. During the transportation of coal, there is a 

notable interplay between the coal and the chute, giving rise 

to the abrasion and deterioration of the chute [3 – 5]. As the 

materials travel through the lower section of the chute, 

prolonged wear and tear will hasten equipment damage and 

reduce its operational lifespan [6]. Hence, it is essential to 

examine the erosion scenario involving granular materials 

and chutes to assess the effectiveness of machinery and 

processing equipment. The existing literature often 

overlooks the potential impacts of belt speed and angle 

adjustments on wear traits during coal transportation 

simulations. This study addresses this gap by combining 

field experiments with discrete element method (DEM) 

simulations to provide a thorough understanding of the 

chute wear mechanism in coal transport systems. Our 

approach takes into account not only the material's physical 

properties but also how operational parameters influence the 

wear process, thus offering a fresh perspective on chute 

design and operation. 

Abrasive wear is the degradation of material quality due 

to the interaction between resilient particles and the surface, 

leading to micro-cutting, formation of wedges, and 

ploughing on the material surface [7, 8]. Wear types can be 

classified into two-body and three-body categories, with 

three-body wear being the more prevalent [9]. In the 

abrasive wear research, Bialobrzeska et al. observed that in 
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the grinding wheel wear test process, the wear behavior of 

boron steel is mainly caused by micro-cutting and micro-

excavation., with the removal of larger particles resulting in 

visible wear patterns on the surface [10]. During the 

experiments involving wear tests on both the dry abrasive 

wheel, Nahvi et al. observed a correlation between the 

movement state of abrasive grains and factors such as shape, 

size, and speed when wear occurs [11]. Xu and colleagues 

examined of the wear conditions for various high-speed 

steels and determined that the dimensions of wear particles 

and the impact of the applied force significantly affected the 

high-speed steels’ wear properties [12]. Woldman and 

colleagues studied how particle size, feed rate, and hardness 

affect wear [13]. When using the sand semi-free wear tester, 

it was observed that wear became more pronounced as 

pressure and sliding speed increased, but decreased as the 

proportion of water, coal, and gangue increased [14]. 

The Discrete Element Method (DEM) is a highly 

effective analytical tool, widely and effectively used to 

address discrete element issues due to its inherent 

characteristics [15]. The DEM model shows significant 

advantages when examining and assessing the minor 

interactions of particles in contact with processing and 

transportation equipment surfaces. Katterfeld et al. 

validated the impact plate transfer station of a high-capacity 

belt conveyor and assessed the influence of bulk materials 

on both the impact plate and the receiving belt conveyor 

[16]. Hastie and Wypych combined the discrete element 

method (DEM) with continuum theory to demonstrate their 

capability to accurately forecast the particle velocity 

distribution in bulk materials [17]. Jafari et al. utilized the 

Discrete Element Method (DEM) to explore how grid 

inclination, oscillation rate, and stimulation direction impact 

the wear. They noted a rise in the rate of wear with an rise 

in both vibration frequencies [18]. Professor Chen and 

colleagues utilized the Discrete Element Method (DEM) to 

incorporate a wear model into their investigation of single 

particle sliding wear [19]. L. Zhou et al. created a 

simulation-based abrasive jet test to accurately forecast the 

wear patterns of different materials when subjected to 

varying impact conditions [20]. 

In conclusion, the existing research level on the erosion 

wear of coal troughs is inadequate. Conventional wear tests 

do not accurately replicate real-world conditions. The test 

did not monitor the movement path of standard coal 

particles, nor did it analyze the breakage of these particles 

or measure the force between coal and chute. As a result, 

there was inadequate investigation into chute erosion caused 

by interactions among coal particles. This study integrates 

field experiments and simulations to investigate the wear of 

scraper conveyors. The field particle size is small and does 

not easily break into smaller particles. It is hypothesized in 

this study that the particles are rigid and directly impact the 

chute. Through this method, we preliminarily verify the 

calculated wear mechanism and evaluate the influence of 

adaptive environmental parameters using DEM to simulate 

particle collisions on a vertical chute. This study examines 

erosion caused by coal trough interaction under various 

conditions through simulation methods. The findings align 

with those of prior research, especially regarding the wear 

mechanism. It was observed that the speed and force of 

contact between the material and the chute have a 

substantial impact on chute wear, which differs from 

Bialobrzeska et al.'s [10] assertion that the primary factors 

influencing chute wear behavior are micro-cutting and 

micro-plow effects. The study suggests that adjusting 

conveyor belt speed and chute angle can effectively 

minimize chute wear. The discovery that cumulative 

tangential forces directly influence wear challenges certain 

assumptions made in previous studies about the relationship 

between material velocity, chute angle, and wear. The 

research results provide theoretical support for optimizing 

coal transportation equipment and offer a new theoretical 

perspective for reducing equipment wear. 

2. DEM MODEL IMPLEMENTATION AND 

THEORY 

The Discrete Element Method (DEM) is a 

computational technique that utilizes time integration to 

calculate the trajectory and rotation of individual particles 

within a specified domain using small time increments. This 

study adopts the discrete element method (DEM) in 

combination with numerical simulation techniques to 

explore the wear traits of coal bunker chutes. To ensure the 

lucidity and replicability of our results, we made use of 

EDEM version 2022 for our simulations. EDEM is a 

specialized commercial software customized for simulating 

granular materials, presenting advanced particle interaction 

models that incorporate normal and tangential contact as 

well as sliding interactions.  In performing our simulations, 

we determined several crucial parameters: a time step of 

0.01 seconds was fixed to guarantee accuracy; the friction 

coefficient between particles was specified at 0.5, with static 

friction at 0.36 and rolling friction at 0.05 – these values are 

founded on experimental outcomes and literature 

propositions. Furthermore, we utilized the Hertz-Mindlin 

contact model to portray elastic interactions among particles 

and implemented the Archard wear model to assess the 

surface wear degrees. 

In this research, a model for soft coal particles was 

developed to simplify the discrete element method (DEM) 

model and enhance its capacity for validating experimental 

data. Currently, the soft particle method is the most 

prevalent technique, which accommodates multiple particle 

contacts, permits milder interactions, consequently 

diminishing computation time, and broadens the system’s 

modeling range to encompass larger and more intricate 

scenarios [21]. 

2.1. Model for particle contact in discrete element 

systems 

Soft-sphere model permits the crossing of components 

at contact points, and particle collisions can have a limited 

duration [22]. When loose coal is being transported by a 

scraper conveyor, the speed is not high, and there are 

simultaneous interactions among multiple particles. As a 

result, the soft ball contact model can be utilized. The 

representation of the softball model can be observed in the 

illustration (Fig. 1). When particle i contact with particle j at 

point C due to an external force or inertia. The initial 

position of the particle is indicated by a dashed line. As the 

objects move relatively, the particles deform and generate 

forces when they come into contact. The soft ball model 
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fails to adequately delve into the aspects of deformation; it 

specifically calculates tangential δ displacement and normal 

αoverlap to determine the force of contact. 

 

Fig. 1. Soft sphere particle model 

The model establishes a connection between two 

particles by using a connecting device, elastic component, 

vibration absorber, and movable element. A coupler is 

employed to establish the association between the particles 

in proximity without the application of external force. 

Parameters are essential for characterizing the behavior of 

the spring, damper, and slider within soft sphere models. 

The interaction forces between particles constitute a theory 

of a fundamental aspect of soft sphere contact theory; 

categorizing the force into normal and tangential (refer to 

Fig. 2). 

 

a 

 

b 

Fig. 2. The particles’ interaction forces: a – normal stress; b – shear 

stress 

The Fnij is the normal force and the elastic force and 

damping forces that act on the particle. In the Hertz contact 

theory, Fnij can be calculated in this manner: 

Fnij = (−kna
3

2 − cnvij • n) n. (1) 

The representation of the tangential force for Ftij: 

Ftij = −ktδ − ctvct, (2) 

where n represents a unit vector that points from the center 

of particle i to the center of particle j; α represents the 

distance of overlap of normal orientation; vij denotes particle 

i's the relative speed vector with respect to particle j; δ 

signifies tangential relocation at the contact; kn and kt are 

coefficients related to elasticity; cn and ct are coefficients 

associated with damping; and vct denotes the velocity of 

motion at the point of contact. Particle i's total force when 

in contact with multiple particles can be determined using a 

specific equation: 

Fi = ∑ (Fnij + Ftij)j . (3) 

The soft ball model's elasticity and damping 

coefficients have a direct correlation with the particles' 

elastic modulus and Poisson's ratio, typically necessitating 

calibration through experimental means. The normal elastic 

coefficient kn is based on the Hertz contact theory： 

kn =
4

3
(
1−vi

2

Ei
+

1−vj
2

Ej
)
−1

(
Ri+Rj

RiRj
)
−1 2⁄

. (4) 

The elastic modulus of particle material is represented 

by E, while the Poisson's ratio of particle material is 

represented by v. 

If the sphere is composed of identical materials and 

possess as equivalent radii, then kn can be simplified as 

follows: 

kn =
√2RE

3(1−v2)
. (5) 

Determine the tangential elastic coefficient kt by 

utilizing the formula provided below: 

kt = 8α
1
2⁄ (

1−vi
2

Gi
+

1−vj
2

Gj
)
−1

(
Ri+Rj

RiRj
)
−1 2⁄

, (6) 

where the shear modulus is G. 

If the sphere is made of the same material and has equal 

radii, then kt is: 

kt =
2√2RG

(1−v2)
α1 2⁄ . (7) 

The tangential damping ct and normal damping cn are 

computed using the equations provided below: 

cn = 2√mkn; (8) 

ct = 2√mkt. (9) 

During the contact process, it is necessary to compute 

the elastic coefficients associated with normal overlap in 

real-time. However, this computation places a significant 

load on the system. As a solution, the soft sphere model 

commonly assumes that both the elastic and damping 

coefficients stay constant during the entire contact 

procedure, without considering specific deformation and 

loading history. 

2.2. Model for particle interaction 

In the investigation, the interaction for particles of coal 

was established as the Hertz-Mindlin model with the 

assumption of no-slip condition. Particular models have 

demonstrated their precision and effectiveness in the 

computation of particle interaction and impact. It is 
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postulated that when spherical particles with R1 and R2 come 

into elastic contact, the normal force Fn between them can 

be determined using the subsequent equation. 

Fn =
4

3
E∗(R∗)1 2⁄ α3 2⁄ . (10) 

The elastic modulus E* that is equivalent is result of 

dividing the equivalent radius R* by the normal overlap. 

The normal damping force Fnd: 

Fn
d = −2√

5

6
β√Snm

∗vn
rel. (11) 

The equivalent mass m* is determined by the product 

of the normal direction stiffness Sn and the vn
rel is the normal 

relative velocity. 

The particles’ tangential force compute using this 

formula: 

Ft = −Stδ, (12) 

where St represents the stiffness in the tangential direction; 

δ denotes the overlap in the tangential direction. 

The tangential damping force Ft between particles can 

be computed by this equation: 

Ft = −2√
5

6
β√Stm

∗vt
rel, (13) 

where 𝑣t
rel  is tangential relative velocity. Friction is a 

function of the static friction coefficient us and the force Fn. 

Furthermore, it is essential for the simulation to 

consider the implications of rolling friction, which links to 

the torque Ti. 

Ti = −urFnRi⍵i, (14) 

where Ri symbolizes the distance between the center of mass 

and the point of contact; μr is used to indicate the rolling 

friction coefficient; ⍵i stands for the unit angular velocity 

vector at the contact. 

2.3. Wear model 

In industrial production, machinery is exposed to a 

variety of wear and tear challenges. Wear denotes the 

decrease in the geometric volume of components, resulting 

in part malfunction, reduced precision in machine operation, 

shortened lifespan of the machine system, or even complete 

loss of functionality for the parts. By implementing more 

deliberate design and conducting comprehensive research 

on wear, its impact can be mitigated. Wear can be classified 

into adhesive, particle, fatigue, and corrosion types based on 

different mechanisms. In practical applications, multiple 

mechanisms typically coexist simultaneously; however one 

type often assumes a dominant role. For example, during 

material transfer processes where materials continuously 

collide and rub against chutes while taking into account 

factors such as relative speed and impact angle. The wear 

described in this article primarily stems from the combined 

effect of impact and particle rolling within the chute. The 

particle type mainly presents itself in two forms: triad type 

caused by free particles moving between two friction 

surfaces; and biad type caused by particle contact with fixed 

solids during relative movement. Fig. 3 shows the 

mechanism of abrwear. 

The expanded Archard wear model is well-suited for 

this type of wear mechanism since the depth of wear is 

directly proportional to the distance of friction, normal load, 

and wear coefficient, while being inversely proportional to 

the hardness of the material. EDEM includes an integrated 

Archard wear model based on Hertzian and Middlin-

Deresiewicz contact theories, which was utilized in this 

study alongside the Hertz-Mindlin model and Archard wear 

model. 

 

Fig. 3. Wear schematic diagram 

As per the model, the volume of wear V is: 

V = K
NL

H
. (15) 

The normal load, wear coefficient (K), sliding distance 

(L), and the hardness of the abrasive material (H) 

collectively determine the wear volume (V) of a plane. 

W = K/H, (16) 

where W represents the constant for wear, which is the 

parameter in EDEM, a software utilizing the DEM for 

simulating bulk material behavior, is utilized to express the 

failure volume V of geometry as follows: 

V = WNL. (17) 

Within the Archard model, determining the wear 

coefficient K presents significant challenges due to its 

reliance on a variety of wear factors, including but not 

limited to hardness H, except the normal load and sliding 

distance. The role of hardness is paramount in influencing 

the frictional wear factor. 

In the simulation software EDEM, the failure depth h 

of wear: 

h = V/A, (18) 

where A represents the acreage from which material has 

been extracted. 

3. MODEL BUILDING 

3.1. 3D geometric model of the coal transport 

system 

This paper focuses on the coal transport system of the 

coal bunker at Zhonglian Runshi Company in the Xiheishan 

Mining Area of Xinjiang, with a simulation of the impact of 

bulk materials on the chute (as illustrated in Fig. 4). A 

simplified diagram of the on-site equipment is depicted in 

Fig. 5, which includes a coal feeder and a vertical chute. The 

material flows from the silo to the coal feeder via a conveyor 

belt, then enters the chute and precisely feeds into the coal 

car. The belt speed of the coal feeder is readily adjustable 

and obtainable. Throughout this process, there is consistent 
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impact and wear effect exerted by the material flow on the 

chute, where it continuously impacts from the conveyor belt 

onto the vertical chute. At the rear end of the conveyor belt 

lies a telescopic chute comprising two bushings made of 

similar material that can be freely extended. The simulation 

was developed using an accurate scale model of the open-

pit mining production system, which guarantees both its 

precision and practical applicability. 

 

Fig. 4. Coal transport system site diagram 

 

panel view 

 

elevation view 

Fig. 5. Simple schematic diagram of the coal transport system 

While the coal conveying system is in operation, the 

abrasive nature of loose coal results in wear to the coal 

discharging chute. This study focuses solely on chute wear 

during the transmission process and selects coal from the 

conveyor as its primary research subject. In practical 

production, there is a high frequency of coal transportation, 

and most of the chute wear occurs when the chute is fully 

extended. Therefore, only wear under this fully extended 

state is taken into consideration, simplifying the model, as 

shown in Fig. 6. The wear simulation of the coal discharging 

chute determined the coal particles’ total mass in close 

proximity to this actual situation, and the simulation time 

was 5 seconds. The wear between the particles and the chute 

begins as soon as they come into contact with the inner wall. 

To better replicate the actual steady flow state, when the 

particles are produced in the pellet plant, the same velocity 

is initially given to the coal conveyor, and the particles keep 

a linear movement along with the conveyor belt. 

  

Fig. 6. Simple model of the coal conveying system 

In the coal discharging chute, under gravity's influence, 

coal material is transported downward, and it is conveyed 

throughout this process. 

3.2. Particle model 

In this research, we established the typical dimensions 

and configurations of coal particles through a series of 

screening tests, as illustrated in Fig. 7. Initially, the findings 

from these experiments highlighted the distribution patterns 

of coal particles, enabling us to recognize two primary 

shapes that together formed the bulk of the coal flow. Given 

that these morphological characteristics significantly 

influence both the dynamic behavior and wear patterns 

during transport, we carefully considered them. The choice 

of particle shapes was influenced by discrete element 

simulation (DEM) requirements, which necessitated a 

reasonable simplification of coal particle geometries to 

maintain both accuracy and computational efficiency in our 

simulations. 

  

Fig. 7. Screening experiment 

With these considerations in mind, we identified 

representative sizes and shapes for coal particles, laying a 

robust groundwork for further investigation into their wear 

properties within chutes. 

Indeed, the non-uniform nature of coal particles results 

in a wide range of shapes. EDEM can to simulate the 

morphology of coal particles by aggregating multiple small 



424 

 

spheres. The accuracy of the results is directly related to 

how closely the particle model resembles real particles. 

However, an excessive number of spheres can significantly 

impact computational efficiency. In this study on wear 

simulation, two different types of particle shapes (as 

depicted in Fig. 8) represent the fundamental forms of coal 

particles, with (a) tetrahedron particle representing 80% and 

(b) trigonal particle representing 20% of the total particle 

quantity. This research employs the coal particle with a 

diameter of 12 millimeters for wear simulation. 

  

a b 

Fig. 8. Graphic diagram of particles: a – tetrahedron 

particle; b – trigonal particle 

3.3. Contact parameterization 

During the process of simulating wear, the contact 

model employ the Hertz-Mindlin (no slip), and Archard 

wear and Relative Wear were chosen to replicate the 

interaction of structure and particles. Internal parameters 

were sourced from field material testing and configured 

according to the specifications in Table 1. Contact 

parameters were established as per the details provided in 

Table 2. The frictional wear constant between coal and steel 

is 8e-12 [23]. The simulation is configured with a time step 

that is 30 % of the time step used in Rayleigh's method. The 

simulation data is saved at intervals of 0.01 seconds. 

Table 1. Intrinsic parameters 

Intrinsic 

parameters 

Density, 

kg/m3 

Poisson’s 

ratio 

Shear 

modulus, Pa 

Coal 1500 0.28 1.98e+7 

Steel 7850 0.3 7.9e+10 

Table 2. Contact parameters 

Contact 

parameters 

Coefficient 

of restitution 

Coefficient 

of static 

friction 

Coefficient 

of rolling 

friction 

Coal – Coal 0.5 0.36 0.05 

Coal – Steel 0.5 0.5 0.05 

4. RESULTS AND ANALYSIS 

This research focuses on examining the erosion 

characteristics of coal within a specific segment of the coal 

transportation system. The movement state, as depicted in 

Fig. 9, can be divided into three main sections. Initially, the 

lower coal is transported horizontally by the conveyor belt 

at an equivalent speed to that of the conveyor belt itself. 

Subsequently, it experiences parabolic motion with an 

initial velocity (as shown in Fig. 9 where speed can be 

broken down into horizontal Vx and vertical Vy). At the 

junction of the conveyor belt and chute, there exists no 

horizontal gap but rather a vertical separation of 540 mm. 

The coal passes through the end of the conveyor belt with a 

consistent horizontal velocity while its vertical velocity 

increases due to gravitational acceleration g = 9.8 m/s2; 

falling and impacting against the inner wall of the chute 

along the direction of the conveyor belt. 

 
Fig. 9. Single particle movement trajectory 

Finally, following impact against the inner wall of the 

chute, both horizontal and vertical velocities decrease 

simultaneously under force interactions and momentum 

conservation between elastic properties of both coal 

material and inner wall causing a change in direction before 

continuing parabolic motion at certain speeds with constant 

horizontal velocity but increasing the vertical velocity at 

certain speed due to gravitational acceleration g when 

leaving chute; resulting in particle having maximum 

horizontal velocity Vxmax and minimum vertical Vymin upon 

leaving belt; minimum horizontal velocity Vxmin but greater 

than initial position Vymin upon collision with an inner wall; 

reaching maximum Vymax upon leaving the chute. 

4.1. Experimental data and statistical analyses 

In order to assess the influence of modifying the 

conveyor belt's speed and angle on reducing material wear 

in the chute, we conducted a series of experiments. 

Throughout these tests, we recorded data on chute wear at 

different conveyor belt speeds (0.5 m/s, 1 m/s, 1.5 m/s, 

2 m/s) and angles (0°, 10°, 20°, 30°). The results indicate 

that at a conveyor belt speed of 0.5 m/s, the wear 

experienced by the chute is considerably less than under 

other speed conditions (Fig. 10). Furthermore, as the angle 

of the conveyor belt increases from 0° to 30°, there is a 

gradual reduction in abrasion; however, a notable decrease 

occurs when the angle reaches –30° (Fig. 13). These 

findings were statistically validated using one-way analysis 

of variance (ANOVA), confirming that both conveyor belt 

speed and angle significantly affect chute abrasion 
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(p < 0.05), thereby reinforcing our conclusion.Specifically, 

we applied several statistical methods for data analysis: 

Repeated measures ANOVA was employed to evaluate 

how varying speeds and angles impacted abrasion 

levels.The Tukey HSD post-hoc test was utilized to identify 

which specific groups showed significant differences.A 

significance threshold of 0.05 was established for all 

statistical evaluations. The outcomes from this statistical 

examination illustrate that adjustments in both conveyor belt 

speed and angle substantially influence chute wear, thus 

corroborating conclusions drawn from our simulations. 

These insights provide an experimental foundation for 

optimizing chute design within coal transport systems. 

4.2. The impact of velocity on the erosion of the 

chute inner wall 

The operation of coal transportation within the coal 

transport system leads to an acceleration in the velocity of 

coal particles as a result of gravitational forces. This, in turn, 

causes continuous high-speed impact and abrasion on the 

inner wall of the chute, resulting in wear, breakage, and 

potential fracture. The distribution pattern of impact load at 

varying conveyor belt speeds is depicted in Fig. 10. Based 

on the data presented in Fig. 10, when the belt speed is at 

0.5 m/s, there is minimal impact of particulate material on 

the chute, resulting in decreased friction and a shallow wear 

depth (less than 2.7e-5mm). The wear tends to be 

concentrated in the lower section of the chute surface. 

When the belt speed increases to 1 m/s, there is an 

observable rise in the influence of particulate material on the 

chute, leading to a wider range of wear with concentration 

towards the upper part of the chute surface. The wear depth 

remains below 3.7e-5 mm and primarily concentrates 

around the middle area. At a belt speed of 1.5 m/s, there is 

further escalation in impact from particulate material with 

an expanded but upwardly shifted wear range and 

concentration towards areas with increased wear depth 

(below 4.42e-5 mm), still predominantly focused around the 

middle region. Finally, at a belt speed of 2 m/s, there is a 

substantial increase in impact from particulate material 

resulting in reduced overall wear range but more 

pronounced concentration and upward shift. Wear depth 

remains below 4.87e-5 mm and continues to be 

concentrated primarily around the  midsection. 

The broadest wear distribution range is observed at the 

lowest level of wear when coal particles are loaded at a 

speed of 0.5 m/s, as depicted in Fig. 10. As the velocity 

increases to 2 m/s, there is a reduction in the impact range 

of coal particles on the chute. The upward shift in particle 

impact position due to an increase in belt speed results in a 

higher number of particles adhering to the chute surface for 

extended durations. This consequently leads to heightened 

static friction between the particles and the chute, causing 

an increase in friction distance and ultimately contributing 

to escalated chute wear. Furthermore, owing to the elevated 

belt speed, particles exhibit greater velocities (Vxmax,Vy) 

before impacting the chute, thereby intensifying erosion and 

chiseling effects on the chute and further exacerbating wear. 

The results of the statistical simulation for conveyor 

velocity and cumulative force are displayed in Fig. 11, 

illustrating the correlation between (a) conveyor velocity 

and normal cumulative force, as well as (b) conveyor 

velocity and tangential cumulative force. 

  

a b 

  

c d 

Fig. 10. At different conveyor belt speeds,where: 

a – 0.5 m/s; b – 1 m/s; c – = 1.5 m/s; d – = 2 m/s 

As coal time increases, there is an observable upward 

trend in chute cumulative force. Specifically, at a chute 

velocity of 0.5 m/s, the normal cumulative force measures 

1.48 N with a corresponding tangential value of 5.46 N; 

when the chute velocity reaches 1 m/s, the normal 

cumulative force rises to 2.10 N while the tangential 

cumulative force increases to 7.85 N; similarly, at a chute 

velocity of 1.5 m/s, we observe a normal cumulative force 

of 3.22 N alongside a tangential value of 12.55 N; finally, at 

a conveyor speed of 2 m /s ,the corresponding values are 

approximately 3.93 N for normalcumulativeforceand 

14.15 N for tangential cumulative force. 

The correlation between the cumulative normal force of 

chutes at varying conveyor speeds can be summarized as 

follows: 2 m/s > 1.5 m/s > 1 m/s > 0.5 m/s. This occurrence 

can be attributed to multiple factors. At a velocity of   m/s, 

the coal impacts the inner wall directly due to its high speed 

and increased contact with the chute. Furthermore, particles 

exhibit a higher initial velocity and horizontal-oriented 
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component Vx, resulting in elevated impact kinetic energy 

and subsequent normal accumulation force on the inner wall 

of the chute. Conversely, as the conveyor belt speed 

decreases, there is a reduction in impact kinetic energy 

which leads to a diminished effect on the inner wall and 

subsequently decreased normal accumulation force. 

 
a 

 

b 

Fig. 11. Cumulative force and velocity of the chute 

The tangential accumulation force of the inner wall of 

the chute changes in response to variations in conveyor belt 

speeds, exhibiting a trend where 2 m/s is greater than 

1.5 m/s, which is greater than 1 m/s, and then 0.5 m/s. This 

phenomenon is impacted by several contributing factors. 

When operating at a speed of 2 m/s, coal makes contact with 

the chute wall from a more considerable distance, resulting 

in heightened damage to the wall and an increased tangential 

accumulation force. Conversely, as the conveyor speed 

decreases, the point of impact for the coal moves closer to 

the discharge port, ultimately leading to diminished damage 

on the inner wall and reduced tangential accumulation force. 

Fig. 12 illustrates the interaction between particles and the 

chute wall at various speeds from an alternative viewpoint. 

As the velocity reduces, the frequency of particle contact 

with the chute wall diminishes, thereby explaining the 

reduction in both the cumulative contact force and the wear 

rate as the speed decreases. 

The comparison was made between the cumulative 

contact energy of the inner wall of the chute at four different 

conveyor belt speeds, indicating that the normal 

accumulation force and wear of the chute are minimized 

when operating at a speed of 0.5 m/s. The absence of normal 

cumulative contact energy in the inner wall of the chute 

during 0 ~ 0.5 s is due to coal not yet making contact with 

the chute; from 0.5 ~ 2 s, there is a steady increase in 

cumulative force. It can be observed that tangential 

cumulative force plays a significant role in chute wear. In 

summary, an increase in conveyor belt speed will worsen 

chute wear and reduce its service life. 

Similar to the discoveries of H. Zhang et al.[24], our 

study confirms that tangential cumulative force is a critical 

factor in chute wear. However, our research expands on this 

understanding by quantifying the impact of conveyor belt 

speed on reducing wear, an aspect that has not been 

thoroughly explored in existing literature. By adjusting the 

conveyor belt speed, we effectively reduced the tangential 

force exerted by the material on the chute, aligning with the 

principles of contact mechanics as explained by M.A. 

Moore. 

4.3. The angle of the influence of the chute wall 

wear 

The impact of varying conveyor belt angles on the state 

of particle movement is illustrated in Fig. 13, with a 

conveyor belt speed of 2 m/s and a load of 250 kg at t = 5 s. 

    

a b c d 

Fig. 12. Diagram of particle movement in the chute at different conveyor belt speeds: a – 0.5m/s; b – 1m/s; c – 1.5m/s; d – 2m/s
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It can be observed from the figure that changes in the 

angle of the conveyor belt have a significant effect on 

particle movement. In the range of 10° to 30°, as the angle 

decreases, particles collide with the inner wall, resulting in 

reduced contact between some coal particles and the chute's 

inner wall. 

Based on the data presented in Fig 14, alterations in the 

angle of the conveyor belt have a significant impact on 

particle velocity. As depicted in Fig. 14 a, when the 

conveyor belt angle varies from 10 to 30 degrees, there is a 

notable increase in particle velocity compared to an angle of 

0 degrees. However, within this range, there is no 

discernible effect on particle velocity. Throughout the 

process of coal transfer, there is a consistent linear growth 

in particle velocity. In Fig. 14 b, as the conveyor belt angles 

range from –10 to –30 degrees, overall particle velocity 

decreases with the change in angle. Initially, there is a 

decrease followed by linear growth; however, ultimately 

resulting in lower final velocities than those observed at an 

angle of 0 degrees. According to the analysis conducted in 

Fig. 13, variations in angle can impact both particle velocity 

and impact position on the chute surface which 

subsequently influences wear patterns on the chute itself. 

The angle of the conveyor belt, as shown in Fig. 15, 

varies from 0 to 30 degrees, resulting in a significant 

decrease in chute wear. However, there is relatively little 

change in the impact position on the chute. Simulation’ 

results presented in Fig. 12, Fig. 13, and Fig. 14 a indicate 

that with an increase in the conveyor belt angle from 0 to 30 

degrees, there is a rise in particle contact with the inner wall 

of the chute. This offsets the reduction in contact mass and 

ultimately reduces chute wear up to a specific value. 

As the angle of the conveyor belt shifts from 0 to –30, 

it is apparent from Fig. 16 that there is a notable decrease in 

the wear amount of the chute as the angle decreases, and the 

impact position of particles on the chute gradually shifts 

downward. When considering the simulation results 

presented in Fig. 12, Fig. 13, and Fig. 14 b, it becomes 

evident that an increase in conveyor belt angle from 0 to 30 

results in a reduction in contact quality between the inner 

wall of particles and chute, consequently leading to a 

decrease in wear value of the conveyor belt. 

 

   
  

 

a b c d e f 

Fig. 13. Influence of belt angle change on particle sportswear: a – 10°; b – 20°; c – 30°; d – -10°; e – -20°; f – -30° 

  

a b 

Fig. 14. Graph of different conveyor belt angles and particle velocity: a –  angle decreases; b –  angle increases 
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a b 

  

c d 

Fig. 15. Wear cloud map of conveyor belt 0 to 30 chute: a – 0°; 

b – 10°; c – 20°; d – 30° 

This is different from the research method used by 

Thompson et al. [25], our study expands on this knowledge 

by measuring the impact of the conveyor belt angle on wear, 

a factor that has not been thoroughly investigated in existing 

literature. Through adjusting the conveyor belt angle, we 

gain valuable insights into how materials wear at different 

angles on the chute, contributing to a deeper understanding 

of discharge chute wear. 

Additionally, while adjusting the speeds and angles of 

conveyor belts has been effective in minimizing chute wear, 

such alterations can also influence coal transport efficiency. 

Reducing the speed of the conveyor belt may result in a 

lower volume of coal transported per hour, thereby affecting 

overall transportation performance. Likewise, modifying 

the angle of the conveyor belt could change material flow 

characteristics, further influencing loading and unloading 

efficiency. 

Consequently, when exploring strategies for wear 

reduction, it is crucial to assess any potential adverse effects 

these modifications might have on transportation efficiency. 

To lessen impacts on transportation efficiency during actual 

operations, consider implementing the following 

approaches. 

Modify belt speeds during off-peak hours to reduce 

wear without significantly diminishing total transport 

volumes. Improve chute durability by refining its design and 

utilizing more abrasion-resistant materials while preserving 

transport efficiency. Create a regular maintenance and 

inspection schedule to ensure that the conveyor system 

functions at optimal performance levels, balancing wear 

reduction with efficient transportation. 

  

a b 

  

c d 

Fig. 16. Wear cloud diagram of conveyor belt 0 to –30 chute: a – 0°; 

b – -10°; c – -20°; d – -30° 

5. CONCLUSIONS 

The objective of this study is to examine the issue of 

wear in a chute that is exposed to particles. Through the 

utilization of numerical simulation and quantitative analysis 

techniques, the research aims to explore the patterns of wear 

in the chute caused by variations in particle velocity and 

conveyor belt angle. 

1. When the speed of the conveyor belt is gradually 

reduced under similar circumstances, there is a decrease 

in particle velocity, leading to diminished wear on the 

chute. The primary form of wear on the chute due to 

particle impact is tangential. 

2. While maintaining all other variables constant, making 

gradual alterations to the angle of the conveyor belt 

leads to a decrease in chute wear. An increase in the 

clockwise angle results in reduced chute wear; 

however, as particle velocity increases, there is a point 

at which chute wear plateaus. Conversely, an increase 

in counterclockwise angle leads to a reduction in 

particle velocity and subsequently results in a gradual 

decrease of chute wear. 

In conclusion, to minimize the wear resulting from 

material impact on the chute, it is recommended to adjust 
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the angle of the conveyor belt and regulate the speed of 

material transfer. Optimal measures involve limiting 

counterclockwise rotation within the natural rest angle of 

materials and implementing controlled clockwise rotation. 

The prioritization of conveyor belt speed management 

should focus on enhancing material transport efficiency 

while seeking opportunities to reduce material transfer 

velocity when feasible. These actions can improve material 

distribution and mitigate wear caused by impact. 

This research not only enhances theoretical 

understanding but also carries significant practical 

relevance. By refining the operational parameters of 

conveyor belts, we can markedly boost both the efficiency 

and safety of coal transport systems. Nonetheless, this study 

has certain constraints, such as discrepancies between 

simulated settings and actual conditions, along with a 

necessity for further validation of the wear prediction 

model. Future research could delve into various aspects: 

investigating new materials and design approaches to 

improve wear resistance and prolong the lifespan of chutes; 

evaluating how environmental factors like humidity and 

temperature influence wear characteristics, alongside 

strategies to adjust operating parameters accordingly. In 

conclusion, this study offers an innovative viewpoint on 

managing chute wear in coal transportation systems, which 

is crucial for enhancing transport efficiency and reducing 

maintenance expenses. 
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