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This study aims to analyze the impact of key structural parameters such as the bottom angle of the mantle, the length of the parallel
zone, and the eccentric angle on the productivity and product quality of the cone crusher and optimize the crushing chamber to
improve the crusher performance. The amount of ore in the blockage layer was calculated by analyzing the movement state of the
ore in the crushing chamber. Considering the amount of ore uplift further, the traditional mathematical model of crusher
productivity was revised. Then, a mathematical model for dual-objective optimization of productivity and product quality of cone
crusher was established. Furthermore, taking the existing C900 cone crusher as the research object, the influence of key parameters
on the performance of the crusher was researched. And the optimal values of key structural parameters were obtained. Finally,
based on the iron ore coarsely crushed by the gyratory crusher, the dynamic characteristics of the C900 cone crusher were
simulated by using the discrete element method (DEM), and the simulation results are basically consistent with the numerical
analysis results. Results show that considering the amount of ore uplift in the blockage layer, the revised mathematical model of
crusher productivity can better characterize the actual productivity. The bottom angle of the mantle and the length of the parallel
zone are within the range of 50°-60°and 140 mm-190 mm, respectively. The productivity shows a positive correlation with the
bottom angle and a negative correlation with the length of the parallel zone. But the dependence of product quality on the angle
and the length is just the opposite. The eccentric angle is within the range of 1.4°-2° and its decrease has a negative effect on the
productivity and product quality.

1. Introduction

As one of the key equipment in the bulk materials
crushing system, the cone crusher is mainly used for the
medium and fine crushing of bulk materials. With the
continuous promotion of breaking instead of grinding,
the application of cone crusher is more extensive. The
crushing chamber is the key factor that determines the
performance of the cone crusher. At present, Bengtsson,
Grondah, Lee et al. [1-5], Zhang et al. [6], Huang et al. [7],
Khalid et al. [8], Bengtsson et al. [9], and Franks et al. [10]
have studied the interparticle breakage behavior of bulk
materials through the ore mechanics test system and
established a productivity model, and the influence of the
engagement angle, different close side settings (CSS), the

mantle shaft speed, and particle shape of the cone crusher
on the performance of the crusher is studied. However,
the productivity model does not consider the effect of ore
uplift in the blockage layer, and the bottom angle of the
mantle, the length of the parallel zone, and the eccentric
angle have a great influence on the chamber structure,
and the chamber structure is related to the number of
broken ores. Therefore, it is necessary to further study the
influence of these parameters on the crushing perfor-
mance. In addition, the DEM has been proved to be a very
good virtual simulation environment by Cleary, Delaney
et al. [11, 12], Quist et al. [13], and Chen et al. [14]. The
virtual simulation environment can be used to gain a
fundamental understanding regarding internal processes
and operational responses. A virtual crushing platform
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can not only be used for understanding but also for the
development of new crushers and for optimization
purposes.

Therefore, the working process of the cone crusher is
taken as the specific analysis object, and considering the
amount of ore uplift, the traditional mathematical model of
crusher productivity was revised. Then, a mathematical
model for dual-objective optimization of productivity and
product particle size distribution of cone crusher was
established. Furthermore, the influence of the bottom angle
of the mantle, the length of the parallel zone, and the ec-
centric angle on cone crusher performances is analyzed by
the optimal numerical calculation method. Finally, the re-
liability of the optimization model and optimization algo-
rithm of cone crusher is verified by the DEM based on the
characteristics of coarse crushing ores.

2. Cone Crusher Structure and
Functional Principle

The crushing chamber is composed of the mantle and
concave, as shown in Figures 1(a) and 1(b). The drive turns
the horizontal countershaft. The pinion gear on the coun-
tershaft rotates the eccentric gear. The eccentric bushing
rotation causes the mantle to wobble. The functional
principle of a cone crusher is to compress particles between
two surfaces. The compressive action is realised by inflicting
a nutational motion on the mantle while the concave re-
mains fixed. The ore is squeezed and crushed several times
along the crushing chamber from the feeding port to the
discharging port, especially in the parallel section, which
does the final crushing. Larger ore needs longer time be-
tween squeezes.

The crushing of ore is directly related to the compression
ratio, and the bottom angle and eccentric angle determine
the compression stroke of the mantle. The length of the
parallel zone determines the number of ore fractures.
Therefore, the productivity and particle quality of the cone
crusher are affected by these structural parameters of the
crushing chamber.

3. Modified Model of Productivity considering
Blockage Layer

Productivity refers to the amount of ore processed by the
crusher per unit time under the conditions of certain feed
size and discharge size, which is a key indicator reflecting the
performance of the crusher. The calculation results of the
existing cone crusher productivity are compared with the
actual production results. The calculation results are always
greater than the actual production results. After analysis,
because the crusher has a blockage layer in actual work, the
mantle far away from the concave will fall. The ore on the
side of the mantle close to the concave will arch up and
cannot be discharged from the discharge port. Therefore, it is
necessary to theoretically derive the amount of ore in the
blockage layer and revise the existing theoretical calculation
model of cone crusher productivity.
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The existing theoretical calculation model of produc-
tivity is calculated based on the volume of the ore discharged
from the crushing chamber once the mantle swings [15], as
shown in Figure 2. The following equation represents the
mathematical model:

V = AbAID 7, (1)

where V is the volume of the ore discharged from the
crushing chamber once the mantle swings, Ab is the
thickness of the ore layer when the ore is compressed, Al is
the ore displacement when the mantle swings, and D, is the
average diameter of the ore compression layer, considered to
be approximately equal to the bottom diameter of the mantle
(16].

Considering the ore hardness and feed size, the following
equation represents the productivity per minute:

Q = 188unAlAbD pK oK, ()

where Q; is productivity, p is ore bulk density, n is the
mantle swing times per minute, y is loose factor,
4 =055~0.7, K, is ore hardness coefficient (hard ore:
Kq =0.75; medium hard or soft ore: Ko =1),K,is feed size
factor, and B is feed opening width, as shown in Table 1.

As shown in Figure 3, the crushing chamber formed by
the mantle and the concave is divided into four areas, and
the mantle rotates counterclockwise. When the mantle
closes to the concave and extrudes the ore, the ore in the A
and D areas will arch upward. That is, when the mantle is
close to the concave, the ore cannot be discharged naturally
and upward movement occurs.

At this time, the ore speed is consistent with the moving
speed of the mantle, and the ore throughput is obtained by
double-integrating the ore velocity and area in the A and D
areas. In Figure 3, xoy plane is the cross section of the
blockage layer, ois the center of the concave section, and o' is
the center of the mantle section.

Therefore, the ore quantity in this area is calculated, and
then the traditional productivity theory is used to subtract
the ore quantity in this part, so a more accurate calculation
method of productivity can be obtained. Ore velocity in the
upper arch area is shown as follows:

Vip = —S?ﬂ sin (2rt), (3)
where t is 1/2 cycle, T' = (60/n) (the rotating speed of the
mantle is n) and S is the moving distance of the mantle. Take
a microelement for the upper arch area of the blockage layer,
and the integral function of the upper arch zone can be
expressed as follows:

a rRp
Qup = J J qup(oc)rdrdoc, (4)
0 JR(a)

where « is the angle enclosed by the upper arch boundary
and the coordinate axis, R («) is the distance from the center
of the concave to the boundary of the mantle, R, is the
radius of the concave, and V, is the speed of the ore in the
upper arch area.



Mathematical Problems in Engineering

Feed hopper

Crushing
chamber

Eccentric

Eccentric gear

I
I
Concave |
Bottom |
: angle |
G I
a0 I
i |
l Product \—Ld—Eccentric angle
|

()

FIGURE 1: (a) Structure diagram and (b) functional principle diagram of cone crusher.
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FIGURE 2: Traditional productivity calculation model.

In summary, equation (5) of the productivity model is
shown in equations (2) and (4):

PV yp (@)rdrda.

(5)

a R
Q=Q; - Q, = 188unAIAbD yK oK, — ZJ J 5
0 JR(a)

4. Dual-Objective Optimization of Productivity
and Product Quality

The good performance of the cone crusher is mainly re-
flected in the high productivity and neat particle size dis-
tribution of crushed products. There is a strong coupling
relationship between productivity optimization and product

quality optimization models. Based on the principle of in-
terparticle breakage, the kinematic characteristics of bulk
materials, and the population balance modeling (PBM), a
dual-objective programming model of the cone crusher is
established.

In the case of ensuring the particle size of the crushed
product, the productivity of the crusher should be improved
as much as possible. Taking productivity as the first objective
function of optimizing crusher chamber, the objective
function as shown in the following equation is obtained
according to equation (5):

Fi (%) =-Q=~+Q, - Q) — min. (6)

The mass proportion P of the bulk materials whose
diameter is smaller than the CSS is the main technical index
to measure the particle size distribution of the crushed
product. Therefore, the following equation is used as the
second objective function for optimizing the chamber shape
of the crusher:

Kq
Fy(x)=-Pes=— ) {]‘[[Bisi +(I- si)]Fi} — min.
x<CSS | i=1

(7)

Equation (7) is based on the model proposed and per-
fected by Broadbent et al. [18] and Lynch [19] in the study of
“coal crushing process.” After the continuous improvement
of most scholars, equation (8) of the product particle size
distribution model of the material is gradually summarized:

Pegs = Z {ﬁ[BiSi +(I-S)F; ]’ (8)

x<CSS L i=1

where §; is selection function, B; is crushing function, i is the
number of crushing times the material has been subjected to,
1<i<Kj, I is the unit matrix of feeding granularity.

For the selection function and crushing function men-
tioned in the above equation, Professor Evertsson of
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TaBLE 1: Particle size coefficient [17].

Screening situation Nominal feeding size (mm) (B) K,

0.8 1
Prescreening 0.6 1.05
0.3 1.1
0.8 1
0.65 1.1
No prescreening 0.55 1.2
0.45 1.3
0.35 1.4

Chalmers University of Technology in Sweden [20, 21] has
obtained the relevant mathematical model by simulating
lamination crushing through experiments, as shown in the
following equations:

2
S; = —4.1387(2) + 4.5386(%) —0.2456, (9)

N N _
Bi<xN,E) = {1 - [—0.0095 + 0.5657(5” }-x}?'%” 36.2309(s/0)

~0.0095xy + 0.5657<£>xN,

(10)

_ logZ (XN/xmin)
N log, (xo/%min) ’

(11)

where b is the compression height of the bulk materials
before lamination and crushing, s is the amount of feed
compression, Xy is the particle size of the Nth layer of the
lamination and crushing materials, x,;, is the smallest
particle size in the product, x,,,, is the largest particle size in
the feed, and x, is the equivalent particle size of the Nth
layer of laminated crushed materials.

The chamber structure parameters of the cone crusher
are the key parameters that affect the performance of the
crusher. The bottom angle of the mantle a, the length of the

parallel zone I, the eccentric angle y, and the rotating speed n
are determined as the design variables of the dual-objective
programming model, as shown in the following equation:

X =[x, %0, x3,x4] = [1,7, &, 1]. (12)

The value range of the crushing optimization constraints
was set by referring to the parameters of the C900 cone
crusher. The parameters of C900 are shown in Table 2 where
c is open side size, e is eccentricity, and 8 is engagement
angle.

(1) According to the calculation of the critical speed and
the actual parameters 269-350r/min, speed n was
defined as 250 < n < 380.

(2) According to the suspension height of the cone
crusher, the eccentric angle was defined as 1" <y <2°.
The swing stroke and eccentricity of the mantle are
affected by the eccentric angle.

(3) According to the original parameters and actual
design experience, the value range of the bottom
angle of the mantle was defined as 40° <a <60°.

(4) The product quality can be effectively improved by
increasing the length of the parallel zone, and the
length of the parallel zone | was defined as
130<1<190.

Therefore, the constraint range of each design variable is
as follows:

250 <n < 380,
1'<y<?2,

40" <a<60’,
130<1<190.

(13)

The objective function was determined by studying the
performance of the cone crusher. The design variables were
determined by analyzing the structure parameters and
process parameters of the cone crusher. The constraint
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TaBLE 2: C900 cone crusher working parameters.

D (mm) ¢ (mm) Q (th™) n (rmin”t) I (mm) a (%) y () e (mm) B ()

1798 50 990 300 130 45 2 31.4 23

conditions were set by combining the parameters of the cone
crusher C900. Comprehensive analysis of the objective
optimization problem of the cone crusher was performed
using the main objective method, taking productivity as the
main objective of crusher optimization and transforming the
product quality optimization into nonlinear constraints.
According to equations (6), (7), (12), and (13), the dual-
objective programming model of cone crusher is established,
and the forms are shown in the following equations:

Fi(x)=-Q= ‘(QL - Qup) — min, (14)
X = [xl’x2>x3)x4] =[ny, a1, (15)
i nmin <n< nmax>
lmin < l < lmax’
“min <a< (xmax)
) (16)

¥Ymin < Y < Ymax>

KO
Pegs = Z {H[Bisi +(I- Si)]Fi} < Pssmin-

x<CSS | i=1

The dual-objective programming model of the cone
crusher is solved by using K-T [22] nonlinear sequential
quadratic programming method, and the optimization re-
sults are shown in Table 3. Figures 4-6 show the effects of
changing the bottom angle of the mantle «, the length of the
parallel zone [, and the eccentric angle y on productivity and
particle size distribution of crushed products.

As shown in Figures 4(a) and 4(b), crusher productivity
is increased from 1008 t/h to 1238 t/h at the rate of 23%, as
the bottom angle of the mantle « increases from 50° to 60°.
However, the particle size and quality of crushed products
decrease, which is less than the closed side setting of broken
product percentage from 85% to 78%. This is due to the
decrease of the effective crushing times in the crushing
chamber when the bottom angle of the mantle increases.

As shown in Figures 5(a) and 5(b), crusher productivity
is decreased from 998 t/h to 850 t/h at the rate of 15%,, as the
length of the parallel zone [ increases from 140 mm to
190 mm. However, the particle size and quality of crushed
products increase, which is less than the closed side setting of
broken product percentage which increases by about 9.6%.
This is because as the parallel zone increases, ores were more
fully broken, but the broken time results in a decline in
productivity growth.

As shown in Figures 6(a) and 6(b), crusher productivity
and the particle size and quality are increased, as the ec-
centric angle y increases from 1.4° to 2°. This is because the
eccentricity of the crusher and swing stroke of the mantle
increase with the increase of eccentric angle.

The above research shows that the influence of the
structure parameters of the crusher on the productivity and

product quality is mutually restricted, and there is a strong
coupling relationship. Therefore, both productivity opti-
mization and product quality optimization are taken into
account, the optimal performance parameters of the crusher
C900 were obtained, the mantle bottom angle is in the range
of 50° to 60°, the length of the parallel zone is in the range of
140 mm-190 mm, and the eccentric angle is in the range of
1.4°-2°. The optimal structural parameters of the C900
crusher chamber was obtained: the swing speed of the
mantle, the length of the parallel zone, the bottom angle of
the mantle, the eccentric angle, the eccentricity, and the
engagement angle are 285 r/min, 150 mm, 55°, 2°, 44.8 mm,
and 23°, respectively.

5. DEM Simulation of Crushing Process

The DEM provides a bonding and energy accumulation
crushing model, which can accurately describe the crushing
process of ores under the action of equipment. Hasankhoei
et al. [23] and Cleary et al. [24] have proved to be a powerful
tool for studying the flow of bulk materials and ore crushing
behavior. In this paper, based on the coarse broken iron ores
in the rotary crusher, the ore particle model was established
by using DEM software. The dynamic characteristics of the
model were simulated by combining with the three-di-
mensional cone crusher model in order to study the in-
fluence of relevant parameters on the performance of the
crusher.

5.1. Physical Properties of Ore after Coarse Crushing.
Before the ore modeling with DEM software, the basic
physical and mechanical properties of iron ore were ex-
plored through rock uniaxial compression [25, 26], fracture
toughness, rock material damage, and other experiments.
The grain size, structure size, internal porosity, pore radius,
coordination number, and other factors of the ore were
analyzed by computed tomography (CT) nondestructive
testing technology. The DEM virtual ore model can more
truly reflect the physical characteristics and crushing
characteristics from the experimental results. Figure 7 shows
the cutting and sampling from the crude ore after the rotary
crusher. The equipment used is a cutting machine and a
drilling prototype to make the iron ore into regular cylin-
drical specimens for the mechanical properties experiment.

For the collected specimens, the internal structure and
characteristics of the ore were observed through nonde-
structive testing with CT. The internal structure of the ore is
visually characterized through three-dimensional technol-
ogy [27, 28]. Finally, the relationship between structure and
performance was established based on the experimental
data. Figures 8(a) and 8(b) show the technical scheme of CT
nondestructive testing and CT.
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TaBLE 3: Optimization calculation results.

Design variable Q (th™) P (%) n (r-min~") I (mm) a () y () e (mm) B
Before optimization 990 80.0 300 130 45 2 314 23
1 1008 85.0 293 150 50 2 37.4 23
Bottom angle 2 1126 81.2 275 150 55 2 44.8 23
3 1238 78.0 260 150 60 2 54.3 23
1 998 82.0 300 140 50 2 374 23
Parallel zone 2 896 87.2 300 170 50 2 37.4 23
3 850 89.6 300 190 50 2 37.4 23
1 710 77.3 320 150 50 1.4 30.8 23
Eccentric angle 2 890 80.3 320 150 50 1.6 32.2 23
3 986 81.6 320 150 50 1.8 34.5 23
After optimization 1151 83.2 285 150 55 2 44.8 23
1250 86
1200 |- el
£
< 1150 |
‘; g 82t
S 1100 | A
2
A~ 80
1050 +
78 -
1000
50 52 54 56 58 60 . ! ! . . L
Bottom angle (%) 50 52 54 56 58 60
© & Bottom angle (°)
(a) (b)
FIGURE 4: The effect of the bottom angle of the mantle on the (a) productivity and (b) product quality.
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FIGURE 5: The effect of parallel zone length on (a) productivity and (b) product quality.

The test conditions were voltage 100 kV, current 50 yA, and
resolution 1.12 ym. A full-diameter CT scan test was performed
on ore samples, and the internal three-dimensional (3D)
structure data volume of the sample was obtained for three-
dimensional display. After that, different internal substances

were extracted by using the gray difference for three-dimen-
sional rendering. The internal structure of the ore was observed
to understand the structural characteristics of the internal pores
and fractures of the ore. Figures 9(a) and 9(b) show the three-
dimensional display and rendering of iron ore. The red area
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Ficure 7:
experiment.

Standard specimens and mechanical properties

shows the cracks. The cracks were extracted by threshold
segmentation. The volume percentage of the study area (ie.,
porosity) occupied by the cracks is 10.18%.

Figures 10(a) and 10(b) show the three-dimensional
rendering of iron ore porosity. The extracted pores were
marked with different colors for each isolated pore. At the
same time, the pores were marked and sieved. The pore
equivalent diameter (EqD) sieve is shown in Figures 11(a)-
11(h). The number of equivalent diameters of different pores
and the percentage of the total pore volume are shown in
Table 4.

The characteristic parameters such as porosity, co-
ordination number, pore radius, and pore volume were
obtained through the experimental exploration of the ore
after coarse crushed by the gyratory crusher. The number
of pore equivalent diameters in the range of

9 <EqD <15 um is the largest, which is 11484. The pore
volume with pore equivalent diameter in the range of
EqD >60 ym accounts for a relatively large amount, ac-
counting for 88.01%. The maximum pore radius, the
average pore radius, the maximum pore volume, the
average pore volume, the maximum coordination num-
ber, the average coordination number, and the com-
pressive strength are 11.414 ym, 1.678 um, 121519 ym”,
335.833um’, 109, 3, and 148 MPa, respectively (see
Table 4).

5.2. Ore Particle Model. In order to characterize the ore particle
model well, bonded particle model (BPM) was selected. The
BPM model was published by Potyondy et al. [29] and A. R.
Hasankhoei for the purpose of simulating ore breakage. The
approach has been applied and further developed by Cho et al.
and Johansson et al. [30, 31]. The concept is based on bonding
or gluing a packed distribution of spheres together forming a
breakable body.

When setting the crushed ore particles, firstly, a certain
amount of particles were combined to form ore particles
through the bonding bond at a given time. When subjected to
crushing force, the particles formed by the bonding bond will be
dispersed to show the broken state. At this time, the bonding
bond is broken. The larger the number of broken bonds, the
better the crushing effect and the higher the product quality.
This paper mainly analyzes the impact of different parameters
on the crushing effect. Because of the large amount of crushed
iron ore, the influence of the shape of the ore was not con-
sidered, and the iron ore model was equivalent to a spherical
shape. Figure 12 shows a schematic diagram of ore model
generation and crushing,

Since the particle size of the ore feed cannot be less than
100 mm, the design iron ore model diameter is 100 mm.
According to the physical properties of the iron ore obtained by
experiments, such as the porosity and coordination number, the
diameter of the fraction used to fill the iron ore particles was
determined to be 5mm. The empirical equation (17) for
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FIGURE 8: (a) Technical scheme of CT nondestructive testing; (b) CT.

(a)

FIGURE 9: (a) 3D structure display and (b) 3D rendering of the ore.

determining the number of filling particles given in the DEM
was used to calculate the number of filling fractions:

& * Vreal =N = VFraction> (17)

where «a is particle filling coefficient, V., is the volume of
feed particle, N is the number of filled fractions, and V¢, ion
is the volume of filled fractions.

The recommended coefficient of filling coefficient is
0.56, and the fraction for filling should be around the
origin of the coordinate, and the large fraction should
completely include V

real*

5.3. Simulation Analysis. Firstly, import the crusher
chamber model drawn by SolidWorks into the geometry
module, and set the motion characteristics for each part.
The movement of the mantle includes two: one is its own
rotation movement, the speed is very low, generally
10~15r/min, and the other is the eccentric movement
around the axis of the concave. The eccentric movement

speed is specifically set according to the optimization
result, and the movement time is set to 5s.

Secondly, set the basic property parameters of iron ore
and liner materials in the globals module, including density,
Poisson’s ratio, and shear modulus. Define the properties of
fraction particles and whole particles in the particle panel,
including particle radius, volume, and mass. The fraction
particle radius is 5mm. Because of the soft ball contact
model, the actual contact radius is slightly larger than 5 mm,
which is defined as 5.5 mm here, and the whole particle is
50 mm.

During the operation of the crusher, the ore and the
ore, and the ore and the liner are squeezed into each
other. Therefore, it is necessary to separately set the
coeflicient of restitution between the ore and the ore, the
coeflicient of static friction, the coefficient of dynamic
friction, and the three coefficients between the ore and the
liner.

Finally, determine the simulation time step and divide the
mesh. Generally, 2-3 times the radius of the smallest particle
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()

FIGURE 10: (a) 3D structure display and (b) 3D rendering of the ore porosity.

(e) ()

(® ()

FIGURE 11: (a-h) Screening diagram of different pore equivalent diameters (unit: ym). (a) EqD < 9. (b) 9 <EqD < 15. (c) 15 < EqD < 20. (d)
20 <EqD < 25. (e) 25<EqD < 30. (f) 30 < EqD < 40. (g) 40 < EqD < 60. (h) EqD > 60.

element is selected as the basis for meshing. In this simulation, 2
times the radius of the smallest particle element 5 mm is selected
as the ideal side length of the mesh element.

The time step is determined by the Rayleigh [13] wave
method. For a system composed of different particles, the time
step was calculated as follows:

R P
At =| ———————\|= ,
! [0~163V+0~877\/;]mm (18)

where v is particle velocity, p is particle density, G is shear
modulus, and Ris particle radius.

Simulation was carried out according to the param-
eters in Table 3, and the total number of ore bonding
bonds N was set as 144,298. Figures 13(a)-13(d) show the
DEM simulation of the crushing process of the cone
crusher at different moments and the velocity cloud di-
agram of the particles in the crushing chamber.

5.4. Influence of Key Parameters on Crushing Effect. In Ta-
ble 5, N is the total number of ore bonding bonds and M is
the number of ore fracture bonds. The bottom angle of the
mantle , the length of the parallel zone I, and the eccentric
angle y are changed respectively for simulation. For different
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TaBLE 4: Number of different pores and percentage of the total pore volume.

EqD (pm) Number Percentage of total pore volume (%)
EqD <9 8425 2.16
9<EqD<15 11484 6.33
15<EqD <20 813 1.68
20<EqD <25 153 0.69
25<EqD <30 60 0.52
30<EqD <40 25 0.41
40<EqD <60 5 0.20
EqD > 60 2 88.01

The above data provide a certain parameter setting reference for establishing the ore model in the DEM in the next step and can make the broken ore model
established in the DEM closer to the real situation.
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FIGURE 13: Crushing process of cone crusher at different times. (a) Time: 0.10s; (b) time: 0.265s; (c) time: 0.74s; (d) time: 1.44s.

variable values, the corresponding number of ore fracture It can be seen from the above that when the bottom angle
bonds and P are shown in Table 5. The breaking rule of ore  of the mantle increases from 50° to 60°, the number of bond
bonding bond with crushing time is shown in Figures 14(a)- breaks decreases from 130,589 to 118,901, and the broken
14(c). percentage decreases from 90.5% to 82.4%. And when the
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TaBLE 5: Comparison of simulation and numerical analysis results.

Key structural parameters Serial number «(°) [ (mm) () N M Simulation Pcss(%) Numeral calculationsPcss (%)
1 50 150 2 144298 130589 90.5 85.0
Bottom angle 2 55 150 2 144298 127926 88.6 81.2
3 60 150 2 144298 118901 82.4 78.0
1 55 140 2 144298 126838 87.9 82.0
Parallel zone 2 55 170 2 144298 131599 91.2 87.2
3 55 190 2 144298 136650 94.7 89.6
1 55 150 1.4 144298 115149 79.8 77.3
Eccentric angle 2 55 150 1.6 144298 120200 83.3 80.3
3 55 150 1.8 144298 122941 85.2 81.6
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FIGURE 14: The influence of different parameters of cone crusher on the crushing effect. (a) Bottom angle; (b) parallel zone; (c) eccentric
angle.

length of the parallel zone increases from 140mm to  87.9% to 94.7%. While when the eccentric angle increased
190 mm, the number of bond breakages increases from  from 1.4° to 2°, the number of bond breaks increased from
126838 to 136650 and the broken percentage increases from 115,149 to 122,941, and the broken percentage increased
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from 79.8% to 85.2%. The simulation value is slightly higher
than the numerical calculation value, but the trend of the
broken percentage with the change of the bottom angle of
the mantle, the length of the parallel zone, and the eccentric
angle is consistent.

6. Conclusion

By analyzing the movement state of the ore in the crushing
chamber, the cone crusher productivity and product quality
are used as the objective functions to study the influence of
the chamber structure parameters on the crusher perfor-
mance with the method of optimized numerical calculation.
The main conclusions of this paper are as follows:

(1) In order to obtain a more accurate productivity
model, it is necessary to remove the blockage ore
uplift in the traditional model. For this reason,
considering the influence of the ore arching of the
blockage layer in the A and D areas, the traditional
productivity model was revised to improve the
calculation accuracy of the crusher’s productivity.
For the C900 cone crusher, the relative error of the
revised productivity model calculation value is re-
duced by 16%.

(2) Taking the parameters such as mantle bottom angle,
parallel zone length, and the eccentric angle of the
chamber structure as optimization variables, a dual-
objective programming model about the produc-
tivity and product quality for the cone crusher was
established. The optimal parameter matching
scheme of C900 cone crusher performance was
obtained: The swing speed of the mantle, the length
of the parallel zone, the bottom angle of the mantle,
the eccentric angle, the eccentricity, and the en-
gagement angle are 285r/min,1 50 mm, 55°, 27
44.8 mm, and 23°, respectively. After optimization,
the productivity and the percentage of crushed
products of the C900 cone crusher can be increased
by about 2% and 2.1%, respectively.

(3) Based on the physical characteristics of the iron ore
after coarse crushing by the gyratory crusher, the
discrete element method is used to simulate the
crushing process. The simulation results are con-
sistent with the trend of the numerical calculation
results, verifying the feasibility and reliability of the
dual-objective programming model of the cone
crusher as well as the optimization numerical
method.
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