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In a vertical impact crusher, material particles undergo multiple impact collisions and eventually break 
due to accumulated damage. In order to further study the crushing mechanism of the crusher, a cumu-
lative damage model of material particles under repeated impact was established. Firstly, a crushing mo-
del is established based on the specific fracture energy, reflecting material particles' cumulative damage 
and crushing process. Then, the simulation model of the crushing system of the vertical shaft impact 
crusher is established. And by simulating the crushing process of limestone particles in a crusher, it 
reveals that the crushing of particles is essentially due to the crushing that occurs as a result of multiple 
cumulative impacts. Next, the simulation model is used to simulate and analyze the rotor's power and 
particle size distribution of crushed products of limestone, iron ore, and copper ore during crushing. The 
reliability of the simulation model is experimentally validated. Finally, the simulation analyzed the influ-
ence of the diameter and speed of the crusher rotor, as well as the mixed feeding of various materials, on 
the rotor power and material crushing effect. The results show that the particle size distribution curves 
of three types of crushed products, including limestone, have a high degree of agreement between simu-
lation and experiment. Furthermore, the simulation values of rotor power and specific power consump-
tion fit well with the experimental values, verifying the reliability of the simulation model. As the rotor 
diameter and rotor speed increase, the rotor power and sand production rate gradually increase. And the 
increase in rotor power is much greater than the increase in sand production rate. When the feed is a 
mixture of multiple materials, the rotor power increases approximately linearly with the increase of the 
proportion of high hardness materials in the feed, while the yield of fine particles in the crushed product 
decreases with the increase of the proportion of high hardness materials in the feed. 

Keywords: Vertical shaft impact crusher, Cumulative damage, Power, Material crushing rate, Particle size distri-
bution 

 Introduction 
In recent years, the demand for sand is increasing 

with the development of infrastructure construction 
in countries worldwide [1-3]. However, since the re-
serves of natural sand are limited, using artificial sand 
instead of natural one has become an ineviTab. trend 
[4-6]. Vertical shaft impact crusher has become a wi-
dely used crushing equipment in the sand industry due 
to its advantages of small size and good granularity of 
discharged material [7-11]. Studying the crushing me-
chanism of a vertical shaft impact crusher is significant 
for researching and developing an energy-efficient 
new type of crusher and optimizing crusher operating 
parameters [10]. However, due to the complexity of 
the mechanical structure and crushing environment, it 
is difficult to explore the crushing mechanism of the 
vertical shaft impact crusher using the experimental 
method [12]. In recent years, with the development of 
computer technology, simulation technology has been 
used to simulate the particle crushing process and pro-
vide new methods and ideas for studying the crusher 
crushing mechanism. 

Segura-Salazar et al. successfully established the 
mathematical model of a vertical shaft impact crusher 
using the White crusher model. Moreover, the authors 
simulated the flow process of the material after it en-
tered the crusher and investigated the effect of the ro-
tor rotational speed on the rotor power. The authors 
concluded that the rotor power increases with the ro-
tor rotational speed[13]. Sinnott and Cleary simulated 
the vertical shaft impact crusher's crushing process by 
observing the material particles' movement law. They 
found that the particles are crushed when subjected to 
the impact energy exceeding their threshold energy. 
Based on this, the authors established a mathematical 
model of material crushing, providing the theoretical 
basis for studying the crushing mechanism of the 
crusher using the discrete element method[14]. Djord-
jevic et al. used large material particles as the simula-
tion object and several small particle clusters connec-
ted by bonding bonds to replace the large particles and 
represent the crushing effect of the material. The aut-
hors concluded that the crushing of materials in verti-
cal axis impact crushers is mainly a form of impact  
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crushing in which materials collide with the crusher 
and materials collide with each other[9]. In addition, 
Fang et al. used discrete element software to simulate 
the motion characteristics of particles in the crusher, 
and the reliability of the discrete element simulation 
model is verified experimentally[15]. Luo et al. used 
simulation technology to study the structural and 
working parameters of a vertical impact crusher, and 
analyzed the influence of rotor diameter and speed on 
the power and crushing effect of the crusher rotor 
[16,17]. 

Although the application of discrete element simu-
lation technology in the research of vertical shaft im-
pact crushers has achieved significant strides, most si-
mulation models only consider the one-time crushing 
form caused by collisions between material particles 
and anvil or material particles. But in the vertical im-
pact crusher, the material particles are subjected to 
multiple impacts and collisions from the crusher 
structure and other material particles during the 
crushing process, and are crushed due to the accumu-
lated damage caused by multiple impacts and collisi-
ons. Hence, the cumulative damage effect to the ma-
terial particles is particularly important. Most existing 
studies neglect the cumulative damage effect of mate-
rial particles during crushing. Furthermore, most feed 
particles are single spherical particles; this differs from 
real crushing and changes the contact state between 
material particles, crusher structure, and material par-
ticles. Consequently, the calculation of the impact 
force is affected, resulting in a significant difference 
between the simulation and the crushing experimental 
results. The simulation results of material crushing 
have a large error compared with those of crushing 
experiments. 

Therefore, this article establishes a mathematical 
model for the cumulative damage of material particles 

under repeated impact. On this basis, a simulation mo-
del of the crushing system was established, including 
a polyhedral particle material model and a vertical axis 
impact crusher model. Then, a simulation model was 
used to analyze the particle size distribution and rotor 
power of three different materials with different cha-
racteristics, including limestone, and the reliability of 
the simulation model was verified through experi-
ments. Finally, the constructed simulation model was 
used to analyze the effects of rotor diameter, rotor 
speed, and mixed feeding of various materials on the 
rotor power, crushing rate, and particle size distri-
bution of the vertical shaft impact crusher, providing 
theoretical guidance for achieving efficient and 
energy-saving artificial sand crushing processing. 

 Mathematical model of material crushing 
based on the cumulative damage 
The material crushed by the vertical impact crusher 

is mostly in the shape of a convex surface. In the 
crushing chamber, the contact of material particles 
occurs between various edges, surfaces, and points, 
and the crushing process of particles is extremely 
energy consuming. The normal force contact model 
allows for significant energy dissipation, while the hys-
teresis linear spring model can calculate the plastic 
energy dissipation during particle contact without ad-
ding additional simulation time [18]. Based on this, 
Consequently, the contact force model is computed in 
this paper utilizing the linear spring coulomb limit mo-
del for the force tangential component and the hyste-
retic linear spring model for the force normal compo-
nent. The calculation of the normal contact force of 
material particles at the current moment during the 
crushing process is shown in equation (1).

 (1) 

Where: 
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௡ and ܨ௡
௧ି∆௧ …The normal contact forces at  

the current time and the previous time step,  
respectively [N], 

△t…The step size [s], 
△sn…The overlap amount when particles come 

into contact (its value is positive when particles are 
close to other particles or the crusher wall; when par-
ticles move away from them, their value becomes ne-
gative), 

Knu and Knl…The stiffness under impact and im-
pact unloading, respectively [N/m], 

f…The a dimensionless constant. 

In addition, the tangential contact force experien-
ced by particles can be calculated using the linear 
spring Coulomb limit model. 

 (2) 
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Where: 
rk…The tangential stiffness ratio. 
Among them, there is a limit requirement for the 

tangential force exerted on particles, spe-cifically that 
the tangential force cannot exceed the Coulomb limit. 
Therefore, the complete expression of tangential force 
is: 

 (4) 

Where: 
tF …The contact normal force at time t, 

u…Friction coefficient, defined as: 
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Where: 
us…The static friction coefficient of particles, 
ud…The coefficient of dynamic friction of particles. 
When the vertical shaft impact crusher operates, 

the material particles fall into the distributing cone of 
the high-speed rotor under the effect of gravity. The 
distributing cone disperses the material evenly to the 
guide plate. The material particles on the guide plate 
are accelerated to the outer edge of the rotor due to 
the centrifugal force and the squeezing force between 
the mate-rials. They are thrown out from the outlet of 
the guide plate at the end of the guide plate. The ma-
terial particles undergo multiple impacts and collisions 
with the anvil installed in the cham-ber and other ma-
terial particles in the crushing chamber during their 
movement, resulting in fragmentation[19]. It can be 
seen that the fundamental cause of material particle 
breakage is the accumulated damage caused by multi-
ple impacts and collisions during its movement. 
There-fore, the crushing situation of material particles 
can be predicted based on the accumulated impact 
energy received by the material particles when they 
collide with the crusher structure or material particles 
inside the crusher. According to Tavares' research, 
each material particle has a specific fracture energy, 
which is only related to the size and shape characteris-
tics of the particle itself[20-22].When the impact 
energy of a material particle exceeds its fracture 
energy, the parti-cle will break. The fragmentation 
probability is equal to the fracture energy distribution 
and is based on the upper truncated normal distri-
bution function of the specific fracture energy [23], as 
shown in Eq. (6). 

 (6) 

 

(7) 

Where: 
E*…The relative specific fracture energy, 
E…The specific fracture energy, 
E50…The median fracture energy, 

σE…The variance of the distribution of fracture 
energies, 

Emax…The upper cut-off value of the distribution. 
Median fracture energy E50 is a power function 

based on particle size. The functional relationship is 
shown in Eq. (8). 

 (8) 

Where: 
E∞, d0, and φ…The model parameters fitted to the 

experimental data, 
L…The diameter of a representative particle in the 

particle population [mm]. 
The crushing of particles in a vertical shaft impact 

crusher is mainly cumulative impact crushing. There-
fore, it is crucial to consider the cumulative damage 
effect of materials. In other words, when the impact 
energy of particles is lower than their initial fracture 
energy, the internal structure of the particles will be 
damaged, and the particles will be internally cracked. 
However, such impact energy does not cause the par-
ticles to be directly crushed. At this time, the fracture 
energy of the particles decreases, and the particles are 
crushed when their impact energy is gradually reduced 
to 0. In continuous damage to the particles, the re-
duction of their fracture energy can be expressed by 
the mathematical expressions of Eqs. (9) and (10): 

 (9) 
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Where: 
En…New fracture energy of the particles formed 

after the nth impact [J/kg], 
En-1…The fracture energy of the particles before 

the nth impact [J/kg], 
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∗…The amount of damage to the particles resul-
ting from the nth impact, 

Ek ,n…The the energy of the nth impact [J/kg], 
γ…The damage constant. 
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Once the material particles are crushed, the produ-
ced sub-particles will continue to repeat the above 
process until their impact energy is zero. The particle 
size distribution law of sub-particles is determined by 
defining the value of t10 [22], as shown in Eq. (11): 

 (11) 

Where:  
t10…The percentage of the mass of the crushed 

product under the sieve in which the particle size is 
smaller than the original particle size L/10, 

Ek…The impact energy, 
E50…The media fracture energy of the particles 

that did break in the impact, 
σE…The variance of the distribution of fracture 

energies, 
A…The maximum value reached by t10, 
b’…The function coefficient. 
The complete particle size distribution of the 

crushed product is defined quadratically by the Gau-
din-Schuman model, which is a predicted particle size 
distribution law based on t10 and calculated as 
follows: 

 (12) 

Where:  
γ…The cumulative percentage of crushed particles, 
x…The screen size during screening [mm], 
L…The particle size before crushing [mm]. 

 Simulation modelling 
 Establishing the 3D models 
The research object of this article is the PL8500 

vertical impact crusher, as shown in Fig. 1. The power 
of the vertical impact crusher is output by a motor and 
transmitted to the main shaft assembly through a belt 
drive, which drives the rotor to rotate continuously to 
accelerate the material. 

 
Fig. 1  Structure and principle of vertical impact crusher 

 
From Fig. 1, it can be seen that during the opera-

tion of the crusher, the crusher system is mainly com-
posed of a rotor body and a crushing chamber. The 
rotor mainly provides power for the materials entering 
the crusher, while the crushing chamber mainly serves 
as the place for material crushing. The excess structu-
res and secondary features in the rotor body and 
crushing chamber will greatly reduce computational 

efficiency, and these structures and features have little 
impact on the calculation results, so they can be sim-
plified. This article simplifies the structures of the fe-
eding cone, feeding head, anvil sharp corner, etc., 
while removing the struc-tures of the feeding hopper, 
motor, motor cover, main bearing, and frame. The 
simplified crusher model is shown in Fig. 2. 

 
Fig. 2 Schematic diagram of analysis model for vertical impact crusher 
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In the simulation modeling of crushers, most exis-
ting research uses EDEM and PFC to achieve it. 
However, this type of software not only has significant 
limitations in modeling parti-cle shapes but also has a 
slow calculation process, making it unsuiTab. for stu-
dying high-capacity crushers such as vertical impact 
crushers. Rocky DEM not only allows for quick crea-
tion of particle shape models within the software, but 
also supports the import of CAD parti-cle models in 
various intermediate formats such as STL. In addition, 
it adopts shared multi-core and multi-threaded parallel 
computing technology, which can fully utilize the 

computing performance of the graphics workstation 
without network transmission limitations, greatly im-
proving the computing speed. The software also inte-
grates multiple fragmentation models to predict the 
degree of particle fragmentation, achieving industry-
leading computing power and accuracy [25-27]. The-
refore, this article uses Rocky DEM (Rocky DEM 
2022 R1.2) soft-ware to simulate and study the vertical 
impact crusher. The simplified three-dimensional mo-
del of the vertical impact crusher was imported into 
Rocky DEM software to obtain the simula-tion model 
of the crusher as shown in Fig. 3. 

 
Fig. 3 Physical Model of the Crusher 

 Simulation parameter settings 
When the crusher operates, the rotor rotates about 

the central axis of the rotor at a certain speed. Hence, 
the steering and rotation speed of the rotor needs to 
be set to 1200 r/min counterclockwise in the software. 
In addition to setting the correct movement of the VSI 
crusher, the physical parameters of the main structure 

of the rotor must also be set to facilitate the rotor's 
dynamic analysis, including the rotor's volume, mass, 
and moment of inertia. The volume and the position 
of the rotor's center of gravity were determined using 
SolidWorks. The moment of inertia of the rotor was 
calculated from the geometry and physical parameters 
of the rotor, as shown in Tab. 1.

Tab. 1 Physical properties of the rotor 
Parameter Value Unit 

Volume 4000 cm3 
Mass 287.67 kg 

Moment of  inertia 
Px 14.37 

kg.m2 Py 14.37 
Pz 22.51 

 Material and contact parameters 
Three materials with different crushing characte-

ristics, namely limestone, iron ore, and copper ore, are 
selected for simulation tests in this paper. The particle 
sizes of the materials are all in the range of 20-60 mm. 

In addition, it is also necessary to set the contact 
model parameters of the material and the correspon- 

ding material property parameters. The contact model 
parameters of some materials and the material prope-
rty parameters of the particles are given in Tabs. 2 and 
3, respectively, where limestone-limestone indicates 
the contact parameters between limestone and limes-
tone. Limestone-crusher indicates the contact parame-
ters between the limestone and the crusher [12]. 
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Tab. 2 Contact model parameters 
Physical parameter Limestone - Limestone Limestone-Crusher 

Static friction 0.5 0.6 
Kinetic friction 0.01 0.01 

Coefficient of  restitution 0.1 0.2 

Tab. 3 Material property parameters 
Physical parameter Limestone Crusher 

Poisson's ratio 0.218 0.28 
Densities (kg/m3) 2700 7800 

Young's modulus (Pa) 1.54×1010 2.4×1011 
 
The particle shape of the material crushed by the 

vertical impact crusher in actual operation is not a sin-
gle shape. Due to the need to reduce computation 
time, existing literature often uses single shaped mate-
rial particles for simulation. However, only a single 
shape of the material particles is used for simulation 
experiments. However, when only using single shaped 
material particles for simulation experiments, it will 
cause gaps between particles that do not match the 
actual situation, affecting the contact state and intera-
ction force between particles, and thus affecting the 
motion trajectory and crushing situation of materials 

in the crushing chamber, seriously affecting the ac-
curacy of simulation results [28,29]. Therefore, the si-
mulation model of four kinds of limestone particles 
shown in Fig. 4 was established according to the shape 
of the limestone particles in the actual crushing opera-
tion and the mass percentage of each shape. It was de-
termined that the mass percentage of each particle un-
der the same particle size was 30 %, 25 %, 25 %, and 
20 %. Its surface characteristics covered the approxi-
mate spherical particles to the sharp-edged polyhedral 
particles. 

 
Fig. 4 Particle model of four types of granular materials 

 Crushing model parameters 
Fitting the crushing model parameters of materials 

from single particle impact crushing experiments 
using ultrafast load sensors[30]. As shown in Tab. 4. 

The minimum size of the material particles formed af-
ter crushing is set to be 2 mm to reduce the amount 
of arithmetic without affecting the conclusions of the 
simulation and analysis, i.e., the minimum feed particle 
size (20 mm) in the simulation of the 1/10[31].

Tab. 4 Material particle crushing parameters 
Crushing parameter Limestone Iron Ore Copper ore 

σ2 0.09 0.2116 0.16 
Emax /E50 4 4 4 
E∞ (J/kg) 150 44.9 60 
d0 (mm) 0.79 4.3 400 

φ 1.3 1.28 0.45 
γ 5 3 5 
A 0.634 0.604 0.677 
b 0.033 0.051 0.029 
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 Results and discussion 
 Experimental validation 
After the simulation is completed, a moment in the 

limestone simulation process is selected as shown in 
Fig. 5. From Fig. 5 (a), it can be seen that during the 
crushing process of the vertical axis impact crusher, 
the material is distributed to each guide plate through 
the dividing cone. After being accelerated by the guide 
plate, a material flow is formed, and at the turning 
point of the material flow trajectory, it collides with 
the guide plate and anvil in sequence. From Fig. 5(b), 
it can be seen that the collision between the material 
and the guide plate occurs at the turning point of the 
guide plate, and is also subjected to impact, collision, 

and compression from particles of other materials. 
Some of the material that has reached the crushing li-
mit due to damage accumulation will be crushed, while 
some of the material that has not reached crushing 
conditions will continue to be thrown along the guide 
plate. As can be seen from Fig. 5(c), most of the ma-
terial thrown along the guide plate is crushed by im-
pact collision with the anvil or other materials. After 
crushing, the sub-particles that still have large impact 
energy will continue to be crushed by impact collision 
with the material thrown from the guide plate.  
The guide plate is thrown out of the material and 
crushed. Crushed material drops due to the gravitatio-
nal force and escapes through the discharge port, as 
shown in Fig. 5(d). 

 
Fig. 5 The simulation process (particles are colored according to their size) 

 
Fig. 6 Working site of a VSI crusher 

In order to verify the reliability of the simulation 
model, the PL8500 vertical shaft impact crusher is 
used in this paper for the experimental verification of 
the simulation model under the same operating con-
ditions as the simulation. The experimental site is 
shown in Fig. 6. The bulk materials used in the expe-
riments were taken from limestone particles extracted 
from the sand and gravel quarry of Hongjiadu Power 
Station, and iron ore and copper ore particles supplied 
by the co-operating companies. In order to adapt to 
the experimental requirements, the feed size was de-
termined to be 20-60 mm, which was used as the ex-
perimental material. There are 5 stone sieves, all of 
them are iron plate round hole sieves with holes of  
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5 mm, 20 mm, 40 mm and 60 mm, which are used to 
sieve the materials. According to the operating para-
meters in the actual work of the crusher, the parameter 
ranges of rotor speed and feed rate are selected, and 
the rotor speed is set at 1200 rpm, and the feed rate 
are both 120 t/h for crushing test. The crushed pro-
duct is sampled on a conveyor belt with a belt speed 
of 2 m/s, a sampling length of 2m and a sampling 

mass of approximately 34.6 kg. The crushed product 
was sieved and analysed using iron plate circular hole 
stone sieve and electronic bench scale to obtain the 
crushed product size distribution as shown in Fig. 7. 
Fig. 7(a) and 7(b) show the particle size distribution 
curves of the three materials under simulation and ex-
perimental conditions, respectively. 

 
Fig. 7 Particle size distribution curve of three materials 

 
As can be seen in Fig. 7, the shape of the particle 

size distribution curves of the three materials after 
crushing is similar, and the percentage of the crushed 
product under the sieve increases with particle size. 
However, the percentage of the crushed product pas-
sing through the screen for the limestone material at 
the same particle size is the largest, followed by iron 
ore and, fi-nally, copper ore, indicating that the lower 
the strength of the material, the easier it is for the  
material to be broken (under the same conditions).  

In addition, the slope of the curve is rela-tively large 
for particle sizes in the range of 5-20 mm. This indica-
tes that the particle size distri-bution of the crushed 
products is mainly concentrated in the medium par-
ticle size, and the yield of coarser and finer sand and 
gravel is reduced. In order to more intuitively demon-
strate the accuracy of the simulation system, the par-
ticle size distribution after crushing was statistical-ly 
analyzed, as shown in Tab. 5.

Tab. 5 Particle size distribution of crushed products under simulation and experimentation 

Size 
Simulation Experiment Relative error 

Limestone Iron 
Ore 

Copper 
ore Limestone Iron 

Ore 
Copper 

ore Limestone Iron 
Ore 

Copper 
ore 

-5mm
（%） 45.1 41 28 43 38 32 5 7 14 

-20mm
（%） 83 78 68 80 70 64 3 10 20 

-40mm
（%） 100 100 92 100 100 88 0 0 4 

 
As can be seen from Tab. 5, the maximum relative 

error in the cumulative mass percentage of the three 
materials under the crushing experiment and the simu-
lation test is 20%. Therefore, the simulation model of 
the crushing system established in this article has high 
reliability. 

In addition, the instantaneous rotor power change 
curve of three materials (such as limestone) during 
crushing is shown in Fig. 8. In Fig. 8, the power refers 

to the useful power, i.e., the instantaneous power con-
sumed by the rotor calculated by multiplying the 
torque applied by the rotor to the material and the ro-
tor speed. According to Fig. 8, the influence of mate-
rials with different crushing characteristics on the 
power consumption of the rotor can be well reflected 
through model simulation.  

Limestone crushing simulation is taken as an 
example. The material starts to gradually enter the  
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inside of the rotor at approximately 0.2 s, and the in-
stantaneous power of the rotor starts to fluctuate.  
At 0.2~0.3s, the amount of material entering the rotor 
gradually increases, resulting in a gradual increase in 
rotor power. After 0.3 s, the power curve of the rotor 
fluctuates around the horizontal line of 89.4 kW, indi-
cating that the quantity of the material in the rotor re-
aches dynamic stability. The instantaneous power of 
the rotor reaches a relatively sTab. state. Among them, 
some materials will bounce back to the rotor after 
colliding with the anvil, thereby applying greater re-
sistance torque to the rotor, resulting in peak instanta-
neous power of the rotor at certain time points. 

Fig. 8 also compares the instantaneous power of 
the rotor when crushed in a VSI crusher for three ma-
terials. Due to the different crushing characteristics of 
the three materials, the instantaneous power of the ro-
tor will remain sTab. at three different levels.  
The strength, density, and quality of limestone mate-
rials are relatively low, so they often break at lower 
energy, resulting in a smaller resistance torque applied 
to the rotor and a relatively lower instantaneous power 
of the rotor. However, due to the strength of the li-

mestone being the lowest of the three observed mate-
rials, as the strength of the material increases, higher 
impact energy is required to crush these materials. 
Consequently, the resistance torque applied to the ro-
tor increases, resulting in the instantaneous power of 
the rotor gradually increases. 

 
Fig. 8 Instantaneous power of rotor under simulation conditi-

ons

Tab. 6 Comparison of simulated and experimental values 

 Material Limestone Iron Ore Copper ore 

Throughput (t/h) Simulation 120 120 120 
Experiment 120 120 120 

Power (kW) Simulation 89.4 116.9 296 
Experiment 218 258 446 

Specific power consumption (kWh/t) Simulation 0.745 0.974 2.47 
Experiment 1.81 2.15 3.72 

Power standard deviation Simulation 47.4 126.9 137.6 
Experiment 32.3 86.42 126.7 

 
This paper also compares the rotor power and spe-

cific power consumption when the simulation reaches 
the steady state with the experimentally calculated ro-
tor power and specific power consumption to 
illustrate the reliability of the simulation model, as 
shown in Tab. 6. The results indicate that although the 
simulation and experimental results of rotor power 
and specific power consumption are not completely 
identical, the trend of change is the same. In this case, 
the specific energy consumed by the crusher during 
smooth operation of the crusher is 1.81, 2.15 and 3.72, 
while the specific power consumption of the rotor un-
der the simulation is 0.745, 0.974 and 2.47, which is 
41%, 45% and 33.7% of the specific energy consumed 
by the crusher, respectively. This is consistent with the 
findings of André, F. P and G. Unland [31,32]. The 
main reasons for this difference are as follows: Firstly, 
the vertical shaft impact crusher mainly provides kine-
tic energy for the rotor through the belt transmission 
of torque, increasing the energy dissipation in the 

transmission process. Secondly, the crushing parame-
ters used in the simulation are estimated from the 
crushing experiments of single particles, causing the 
difference between the two. 

 Influence of rotor's diameter on material 
crushing 

In order to facilitate the evaluation of the crushing 
efficiency of the vertical impact crusher and explore 
the influence of rotor structure parameters and 
working parameters on the crushing effect of the 
crusher. Based on the actual production needs of a 
certain enterprise in Guizhou, this article defines the 
sand production rate as the material yield passing 
through a 5mm sieve after crushing, which is used to 
characterize the crushing efficiency of the crusher. 
Under the conditions of rotor speed of 1200 r/min, 
feed particle size of 20-60 mm, and feed rate of 
120t/h, three different materials were fed: limestone, 
iron ore, and copper ore. The influence of rotor  
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diameter variation in the range of 750mm~900mm on 
the rotor power and crushing rate of the vertical shaft 
impact crusher was analyzed, as shown in Fig. 9  
and 10. 

 
Fig. 9 Effect of  rotor diameter on rotor power 

  
Fig. 10 Effect of rotor diameter on crushing rate 

 
According to Fig. 9 and 10, the rotor power and 

sand production rate gradually increase with the ro-
tor's diameter, in which the maximum value is reached 
when the rotor diameter is 900 mm. As the rotor's di-
ameter increases from 750 mm to 900 mm, the rotor 
power under three different materials increases from 
85.2 kW, 91.6 kW, and 279.9 kW to 128.2 kW,  
166.8 kW, and 395.5 kW, with an increase of 50.5%, 
82.1%, and 41.1%, respectively. The crushing rate 
increases from 38%, 32%, and 28% to 52%, 49%, and 
44%, i.e., an increase of 36.8%, 53.1%, and 57.1%, re-
spectively. The growth of rotor power is significantly 
greater than the growth of the crushing rate. It can be 
seen that increasing the rotor diameter can improve 
the crushing rate. However, it will make the rotor 
power increase significantly. Moreover, with an incre-
ase in the rotor's diameter, the design and manufactu-
ring of the entire crusher equipment will also have a 
greater impact. Therefore, choosing a reasonable rotor 
diameter is important and consistent with the conc-
lusions obtained from the literature [16,17]. 

 Influence of rotor speed on material crushing 
The rotor's diameter is 800 mm, the solids feed rate 

is 120 t/h, the feeding speed is 4.5m/s, the feed is li-
mestone, iron ore, and copper ore, and the feed gra-
dation is 20-60 mm. The remaining parameters are 
kept constant. The rotor speed is set to 1000 r/min, 
1200 r/min, 1400 r/min, and 1800 r/min, respecti-
vely. The relationship between the rotor's power, the 
sand production rate, and the rotor speed is obtained, 
as shown in Fig. 11 and 12. 

 
Fig. 11 Effect of rotor speed on rotor power 

 
Fig. 12 Effect of rotor speed on crushing rate  

 
Fig. 11 and 12 show that the rotor power and sand 

production rate gradually increase with speed. When 
the rotor speed increases from 1000 r/min to 1800 
r/min, the rotor power under the three different ma-
terials increases from 67.6 kW, 85.8 kW and 176.5 kW 
to 324.1 kW, 363.9 kW, and 513.8 kW, i.e., the growth 
rate is 379.3%, 324.1%, and 191.1%. The sand produ-
ction rate increases from 42%, 38%, and 28% to 64%, 
58%, and 49%, i.e., the growth rate is 52.9%, 52.6%, 
and 75%. The growth rate of the rotor's power is lar-
ger than the increase of the sand production rate. 

 The effect of mixed feed on material crushing 
A vertical shaft impact crusher is widely used for 

crushing various rocks and ores. Therefore, the  
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influence of mixed feeding of multiple materials on 
the crushing effect of the vertical shaft impact crusher 
was simulated. The rotor's diameter is 800 mm, its 
speed is 1200 r/min, and the solids feed rate is  
120 t/h. The influence of mixed feed on the rotor 
power and particle size distribution of the VSI crusher 
is simulated and analyzed when the feed contains di-
fferent proportions of limestone and copper ore. 

 
Fig. 13 Effect of percentage of copper ore in the mixture on 

rotor power 

 
Fig. 14 Effect of percentage of copper ore in the mixture on 

the particle size distribution 
 
The effect of mixtures containing different percen-

tages of copper ore and limestone in the feed on the 
rotor power is shown in Fig. 13. As expected, the rotor 
power increases approxi-mately linearly as the propor-
tion of high-hardness material (copper ore) in the feed 
increases from 0% to 100%, i.e., the rotor power 
increases with the proportion of high hardness materi-
al in the feed, which agrees with the conclusions in 
Section 4.1. The effect of increasing copper ore con-
tent on the particle size distribution of the crushed 
product when the mixture is fed is shown in Fig 14.  
It can be seen that the proportion of fine particles in 
the crushed product gradually decreases with an incre-
ase in the copper ore content in the mixture. Although 

not many investigations can be found regarding the 
crushing effect of the VSI crusher when the mixture 
is fed, this conclusion is consistent with the study's re-
sults on the effect of the mixture on the crushing 
effect of the cone crusher and ball mill [30,34,35].  
In other words, when in-creasing the proportion of 
high-hardness materials in the feed, the yield of  
fine materials in the crushed product will gradually  
decrease. 

 Conclusions 
In this paper, a simulation model of a vertical shaft 

impact crusher was established based on the cumula-
tive damage model of material particles under repe-
ated impact. By simulating the crushing process of li-
mestone particles in the crusher, it is found that the 
crushing of materials in the crusher is mainly subjected 
to the cumulative impacts from the dividing cone, 
guide plate and anvil, and finally reaches the limit of 
particles' damage so that crushing occurs. In addition, 
the simulation and experimental values of particle size 
distribution and crusher rotor power of three kinds of 
crushed materials, such as limestone, were compared. 
The results show that the particle size distribution cur-
ves under simulation and experiment are in good ag-
reement, and the trends of rotor power and specific 
power consumption are consistent. 

The established simulation model was used to ex-
plore the influence of the rotor's structure and the 
operating parameters of the crusher on its perfor-
mance. The results show that the constructed crushing 
simulation model is consistent with the related re-
search, i. e. different materials show that the crushing 
rate increases with the rotor's diameter and rotational 
speed. Moreover, the rotor's power increases dramati-
cally with the rotor diameter and rotational speed. And 
the growth rate of rotor power is greater than the 
growth rate of material crushing.  

Simulation results on the effect of mixed feed on 
material crushing show that the rotor power increases 
approximately linearly with an increase in the propor-
tion of high-hardness materials in the mixed feed un-
der the same conditions. In contrast, the content of 
fine-grained materials in the crushed product gradually 
decreases. 
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