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In order to improve the crushing effect of the rotor of vertical shaft impact crusher on the particle, the
design method of secondary accelerated rotor based on kinematics theory is proposed. And the operation
effect of the secondary acceleration type rotor was verified using a combination of computational fluid
dynamics and discrete element method (CFD-EDM). First, the kinematics of the particles thrown by the
rotor throwing head was analyzed. On this basis, the structure of the secondary acceleration type rotor
was designed by comprehensively considering factors such as the motion, friction, and collision recovery
coefficient of particles; Then, based on the gas-solid coupling analysis method, a simulation model of
the rotor's effect on particle acceleration was established and the reliability of the model was verified;
Finally, the CFD-EDM method was used to calculate and analyze the motion process of particles in the
crushing chamber, the collision position of particles in the crushing chamber, and the average throwing
speed of the rotor. Research results show that roughly 77.6 % of the particles in the crushing chamber
will collide with the impact plate to achieve secondary acceleration; The average throwing speed of the
traditional rotor is 57.14 m/s, and the average throwing speed of the designed secondary accelerated rotor
is 60.89 m/s, which is about 6% higher than the average throwing speed compared with the traditional

rotor, and achieves the expected design purpose.
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1 Introduction

Because the vertical shaft impact crusher has the
characteristics of good granularity, small size and low
operating cost, etc., it has become an increasingly
widely used production equipment in the industries of
mineral grinding, metallurgy and construction aggre-
gate processing [1-3]. The rotor of a vertical impact
crusher is a key component for achieving particle
crushing. The particle gains kinetic energy through the
acceleration effect of the rotor, and after obtaining ki-
netic energy, the particle is thrown out at high speed
from the rotor body, and then collides strongly with
the cutting board of the crushing chamber to achieve
crushing [4-7]. The better the acceleration effect of the
rotor on the particle, the greater the kinetic energy ob-
tained by the particle, and the better the crushing ef-
fect of the particle [8]. It can be seen that the structural
form and parameters of the rotor have a crucial impact
on the working efficiency of the crusher and the qual-
ity of the crushed products. Therefore, improving the
structural form of the rotor of the vertical shaft impact
crusher to achieve better acceleration effect on parti-
cles is a research work with theoretical and engineer-
ing practical significance.

In terms of the structural design of the rotor of a
vertical shaft impact crusher, domestic and foreign
scholars have conducted many research works to

improve the particle acceleration effect of the rotor,
and have achieved certain research results. The re-
search results of Yaqoub et al. indicate that if the
speed of the particle after the first impact crushing is
used for the second impact crushing, the particle can
save up to 50 % energy during the crushing process
[9]. Zanden et al. studied the two acceleration pro-
cesses and the trajectory of the particle in a synchro-
nous impact crusher, and the results showed that the
re-acceleration of the particle gives the crusher signif-
icant advantages in terms of energy saving, service life
and production [10]. Li et al. found through discrete
element simulation that when the number of guide
plates and impact plates in a vertical shaft impact
crusher is 5, the average throwing speed of the rotor
is the highest [11]. Djordjevic et al. designed a new
type of vertical axis impact crusher and studied its
throwing law. They used simulation experiments to
discuss the influence of the installation angle of the
impact plate on the throwing speed [7, 8, 12, 13].
However, although some scholars have explored
the issue of secondary acceleration of particles in the
above studies, the research is limited to discussing the
impact of secondary acceleration on the speed of
throwing particles, and there is no in-depth analysis of
the design method of secondary acceleration type ro-
tors from a kinematic perspective. And the research is
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based on multiple idealized assumptions, without con-
sidering the influence of factors such as friction be-
tween the particle and the guide plate, and the recov-
ery coefficient of collision between the impact plate
and the particle. Therefore, based on kinematic theory
and considering factors such as friction of particles,
this article analyzes the motion of particles thrown out
by the throwing head, and proposes a design method
for a secondary acceleration type rotor; Then, a simu-
lation model of the acceleration effect of the rotor on
the particle was established and the reliability of the
model was verified; On this basis, the CFD-EDM
method was used to calculate and analyze the motion
process of the particle in the crushing chamber, the
collision position of the particle in the crushing cham-
ber, and the average throwing speed of the secondary
acceleration type rotor. The operation effect of the
secondary acceleration type rotor was verified, which
has certain theoretical and engineering practical signif-
icance.

2 Improved design of rotor structure

In order to achieve better crushing effect of parti-
cles, the application enterprises of vertical shaft im-
pact crushers often adjust the traditional rotor speed
to a large value to enable the particles to obtain greater
impact kinetic energy. However, research has shown
that increasing the rotor speed can only improve the

Rotor body

Guide plate

Guide cone

(a) Traditional rotor

crushing effect of particles within a certain range. At
the same time, increasing the rotor speed will have
higher requirements for its dynamic balance, spindle
bearings, and manufacturing quality. Moreover, exces-
sive rotor speed will also cause a series of problems
such as high energy consumption in the crushing pro-
cess and poor particle size distribution of the crushed
products [13-14].

In response to the above issues, this article takes
the traditional rotor of the PL840 vertical shaft impact
crusher produced by a certain enterprise (as shown in
Figure 1 (a)) as the design basis, and designs a new type
of rotor - a secondary acceleration type rotor, as
shown in Figure 1 (b), which mainly includes a rotor
body, a guide plate, a dividing cone, and an impact
plate. During the crushing process, there are two ac-
celeration processes: The particles that fall vertically
from the feeding port onto the dividing cone are uni-
formly dispersed onto each guide plate by the high-
speed rotating dividing cone. Subsequently, under the
action of external forces such as friction and centrifu-
gal force, the particles accelerate along the guide plate
towards its outer edge and are thrown out, which is
the first acceleration. Then, the throwed particles col-
lide with the impact plate installed on the rotor body
at an appropriate angle, which is the second accelera-
tion, allowing the particles to obtain greater impact
crushing energy at lower rotor speeds.

Impingement plate

(b) Secondary acceleration type rotor

Fig. 1Schematic diagram of rotor structure

The structural design of the secondary acceleration
type rotor is mainly reflected in the impact plate. In
traditional rotors, particles are only accelerated once
by the guide plate before colliding with the cutting
board on the inner wall of the crushing chamber, so
the kinetic energy obtained is relatively small. In the
secondary acceleration type rotor, the particles are ac-
celerated by the guide plate for the first time and then
collide with the impact plate, resulting in secondary

acceleration. The particles are accelerated twice in the
crushing process and are able to obtain a large kinetic
energy. In order to achieve secondary acceleration, to
ensure that the particles accelerated by the guide plate
can collide with the impact plate, this paper analyses
the acceleration process of particles in the rotor ac-
cording to kinematics theory, and theoretically deter-
mines the installation position and installation angle of
the impact plate on the rotor body.
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Using the ground as a reference frame

st

Fig. 2 Analysis of the velocity of material particles

The velocity analysis of particles in the secondary
acceleration type rotor is shown in Figure 2. In the
first acceleration process, the particles move along the
guide plate to the end point 4 of the guide plate, and
under the combined action of centrifugal force, extru-

V," =Cralcosa + fsina)

V., =rw

sion force, and friction force, an acceleration is gener-
ated. They are thrown out from point A4 at a speed
4. Among them, 174 is composed of the entangle-
ment velocity 7. of particles at point 4 and the rela-
tive velocity .4 with the guide plate. After analysis, it
can be concluded that equation (1):

vV, = \/(VA’ cosa)’ +(V, sina+V,*)’ =C,rw )
C =+ -

C, =G cos> a+ fC}sin2a +C2fsin® @ +C, sin 2a + 2 f sin” @ +1

Where:

I74... The absolute velocity of particles at point A
[m/s],

r... The inner radius of the rotor [mm],

... The rotor speed [t/min],

a...The installation angle of the guide plate [deg],

/f-..The friction coefficient between the material
and the guide plate.

During the secondary acceleration process, the
particles are thrown out by the guide plate and move
from point A to point B at a speed of 174. At point B,
they should collide with the impact plate at an appro-
priate angle to achieve a good secondary acceleration
effect. In Figure 2, BE is the extension line of OB, and

FG is a straight line parallel to the impact plate. Let the
motion time of particles from point 4 to point B be #
As shown in Figure. 2, the impact plate and rotor ro-
tate together with an angular velocity w during the time
period # turning over an angle of (§ + ). In order to
obtain greater kinetic energy when particles collide
with the impact plate, equation (2) should be satisfied:

AC =V tcosp =R .cosy—r
BC=V,tsing =R siny 2
y+B=w

Solving equation (2) yields:

r+r —(1+cot’ )(r* =R * cot® §)

y = arccos

©)

_180R siny
“Comsing @
,7Trsin @

Where:
R....The installation radius of the impact plate

R (1+cot’ @)

[m ]’
y... The angle between OB and radial (OC) [deg],
f... The angle at which the installation position of
the impact plate lags behind the guide plate [deg],
... The angle between 174 and radial (OA) [deg].
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Based on the geometric relationship in AABC in
Figure 2, it can be concluded that:

V,sing =V, sina+V,° (5

Solving equation (5) yields:

. I
sin(——qQ)
@ = a +arcsin —2 ©
1
O = arcsin

C,rsino

Research has shown that when the relative veloc-
ity 173" of the particles at point B and the rotor speed
o are unchanged, in order to obtain a better accelera-
tion of the material, the recovery coefficient of the
particles and the impact plate should be chosen as a
larger value [11]. Therefore, the incident angle of the
particles is selected as 65° to achieve a larger recovery
coefficient.

In ABEF, it is obtained through the cosine theo-
rem of triangles that:

\/Rcz +C,’r* =2C,R rcos 0

Where:

0... The installation angle of the impact plate [deg],

o ... The angle between 1”4 and I3 [deg],

I ... The entanglement velocity of material parti-
cles at point B [m/s].

From the above analysis, it can be concluded that
the lag angle of the impact plate § and installation an-
gle 0 are not related to the angular velocity of the ro-
tor, but only to the inner radius 7, outer radius K, and
installation angle of the guide plate of the rotor a and
the friction coefficient f between the particle and the
guide plate is related.

Taking the traditional rotor of PL.840 vertical shaft
impact crusher as an example, referring to the existing
structure, the outer radius of the rotor R=400mm and
the inner radius of the rotor /=200mm are taken. The
impact plate is installed on the rotor, and the installa-
tion radius of the impact plate should be smaller than
the outer radius R of the rotor. So taking the installa-
tion radius R=370mm. As can be seen from Figure. 2,
the mounting position of the impact plate can be

Rotor upper plate

Guide plate

Lower plate of rotor

(a) Main body of rotor

-25 (7)

determined by the lag angle of the impact plate § and
the installation radius K. With reference to the existing
structure (guide plate installation angle a = 42.5°, split-
ting cone inclination angle ¢ = 15°), the friction coef-
ficient between the particle and the guide plate /= 0.3
was determined by experimental method [15]. Substi-
tute the above values into equations (5) and (6) to ob-
tain the lag angle of the impact plate §= 6.3°, installa-
tion angle of impact plate 6= 26.8°.

Based on the calculated data parameters, the tradi-
tional rotor of the PL840 vertical shaft impact crusher
is improved to a secondary acceleration type rotor. As
shown in Figure 3 (a), the rotor body is composed of
a rotor upper plate, a rotor lower plate, and four guide
plates. The rotor lower plate has grooves for welding
impact plates and installing throwing head, and the ro-
tor upper plate has through holes for installing throw-
ing head and impact plates. The section view of the
assembled secondary acceleration rotor is shown in
Figure 3 (b).

rotor body

Impact plate
connecting
plate

Guide plate
Impact plate

Splitting cone

Throwing head Splitting cone

connecting plate

(b) Section view of secondary acceleration rotor

Fig. 3 Secondary acceleration type rotor structure
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3 Gas solid coupling analysis method for
material acceleration effect

During the operation of the vertical shaft impact
crusher, particles are subjected to multiple impacts
and collisions from the throwing head, impact plate,
and other particles in the crushing chamber. During
the impact, grinding, and crushing process, air disturb-
ance occurs, generateing gas-solid two-phase flow
movement. In order to analyze the secondary acceler-
ation effect of the designed rotor, this paper adopts
the gas-solid two-phase flow coupling method to cal-
culate and analyze the motion process of the particle
in the crushing chamber, the collision position of the

opk  (pUK) _ 2

au,, 0 [(Hy Ok

particle in the crushing chamber, and the average
throwing speed of the rotor.

The rotor in the crushing chamber undergoes ro-
tational motion, and the RING £-¢ turbulence model
can be used to simulate the flow field in the crushing
chamber. The RNG £-¢ model takes into account the
effect of rotating flow on turbulence in mean motion,
and by correcting the turbulent viscosity coefficients,
it can better deal with flow problems with high strain
rates and large degree of streamline curvature [16-17].
The control equation of RNG £-¢ turbulence model
can be represented by the following equation [18-20]:

If gas is incompressible, then the & equation is:

=-—pk +G, — ped ©)
ot ox, 3" ox, ox, (o ox ) f
Equation e:
ope (U €) 2 2 kou, _Ou, . 0 My 0 £
s A = (2C, - C, +2C,C k) pe—k + — (B 2]+ pZ[(C,, - C,)G, —C
a[ axj [(3 £l £3 3 H=n gan )p“: axj ( Ug axj )] pk [( £l 17) k gng] (9)
Where: The wall surface of the crushing chamber can be

o-..The gas density,

k... The turbulent kinetic energy,

e... The turbulent energy dissipation rate,
Ca=1.42, C2=1.68, p=0.015, C,=0.085, 7=4.25,

1-—
7=SK/e, C, = —n(1+/;]1/113]0) 5 S = 25—115—1! 5
C,,=[-1+-2C, -3mmn-1)+ (—1)5\/8CﬂC,7l7]/3-

To describe the motion state of particles in a crush-
ing chamber using the discrete element method, it is
necessary to first determine the contact model be-
tween the particles and the boundary, in order to ac-
curately calculate the force between the particles and
the boundary. In the study, the particle model is sim-
plified accordingly, ignoring the plastic deformation
caused by the contact between particles and between
particles and the crushing chamber wall. It is also set
that the contact between each other belongs to invis-
cid contact, and its contact mechanics model con-
forms to the Hertz-Mindlin no-slip contact model [6,
21, 22], so this contact model is chosen to desctibe the
contact collision between particles and particles, and
particles with the rotor body and particles with the
crushing chamber wall surface.

The key to simulating the motion state of particles
in the flow field with EDEM lies in determining the
contact force after particle collision. Assuming that
two spherical particles with radii 71 and 72 collide at ve-
locities # and 2, the normal overlap x can be ex-
pressed as:

K~

X=ntn—-|n-rn

(10)

Where:

_— —> ..

11, Iz... The position vectors of the two ball cen-
ters, respectively.

regarded as consisting of a number of spherical parti-
cles, so that the equivalent spherical particle radius #*
is:
* hr
= _Nhh
"= 11
ntn ()
The combined force achieved by the inter-particle
collision can be found by superposing the normal con-
tact force F, and tangential contact force I, operation.
The formula for the normal contact force between
particles is shown in equation (12):

Fn ZgE* E*XS

2 2 (12

o I-v, _|_1—v2
El E2

Where:

E* ... The equivalent elastic modulus,

E1, Es... The elastic moduli of two spherical parti-
cles, respectively.

The formula for tangential contact force between
particles is shown in equation (13):

F=-53
Sr=8G* }”*)( (13)

« 2—v12 2—\/22
= +
Gl GZ

G

Where:
0... The normal overlap of spherical particles,
S The tangential stiffness of particles,
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G*...The equivalent shear modulus,

Gi, Go... The shear moduli of two spherical parti-
cles, respectively.

For the coupled calculation of the flow field in the
crushing chamber, there is a particle phase in the gas
phase.

2 (e0,9)+div(ep, i) =

In the above equation, from left to right respec-
tively represent the transient term, convection term,

0 0 0 d _
a—t(fpg@ +a—x(5,0g”¢) +5(5Pg"¢) +6—Z(5,0gw¢) =

When using the Eulerian-Eulerian method to sim-
ulate the motion of the flow field in a crushing cham-
ber, it is necessary to add the calculation of void frac-
tion to the fluid control equation, and the mathemati-
cal expression is shown in equation (14) [23-24]:

div(l egrad @)+ S (14)

diffusion term, and source term, and the expanded ex-
pression is as follows:

(15)

i[I'£%]+i[l'£%] +i[l’£%] +S

Ox Oox Oy

Where:

¢...A universal variable,

#, v, w, ¢ ...Solving variables,

I'... The generalized diffusion coefficient,

S... The generalized source term.

Due to the fact that the simulation of the flow field
in the crushing chamber belongs to the case of dense
particles and the particle density is much higher than
the air density [25]. In the gas-solid coupling calcula-
tion of the flow field in the crushing cavity, the Eu-
lertan-Eulerian method is used to simulate the interac-
tion, except for the drag force, other forces are very
small and can be ignored, so in this paper, the drag
force model is used to simulate the drag force of the

&g P,E,
Fd=150—”§+1.75 .
&
§ P
D.EE, v —v.
F,=0.75C,——* d
p

When the volume fraction ¢, of the gas phase is
greater than 0.08 and the particle Reynolds number is
less than 1000, the calculation formula for the gas re-
sistance coefficient Cp is shown in equations (17) and
(18). When the Reynolds number is greater than or
equal to 1000, the gas resistance coefficient is a con-
stant, with Cp=1.44.

24 0.687
C,= [1+0.15 &, Re }
d v, -v,
Rex—pg At (18)
H,

dy Ox 0z

gas on the particles in the crushing cavity. When using
the Ergun and Wen&Yu drag model to calculate the
drag force Fy of the gas in the crushing chamber on
particles, the drag force expression is related to the gas
fraction, as shown in equation (16) [17, 26]. When the
volume fraction ¢, occupied by the gas phase in the
crushing chamber is less than or equal to 0.08, the
magnitude of the trailing force is independent of the
particle Reynolds number K,; When the volume frac-
tion & occupied by the gas phase in the crushing cham-
ber is greater than 0.08, there exists a certain relation-
ship between the magnitude of the trailing force of the
gas on the particles and the Reynolds number R, of
the particles.

"
,  £,<008
’ (16)
-2.65
£, , £g>0.08
Where:

& &... The volume fraction of gas phase and parti-
cle phase in the crushing chamber, respectively,

#. .. The the viscosity coefficient of the gas phase,

¢q. .. The gas phase density; 4, represents the parti-
cle diameter,

vy vs. .. The velocities of the gas phase and particles,
respectively.

The gas-solid coupling solution process for the
flow field in the crushing chamber is shown in Figure
4. Firstly, FLUENT iterates the flow field of the
crushing chamber within one time step to conver-
gence, and then converts the flow field data into the
drag force acting on the particles by gas through a drag
model, which is transmitted to EDEM; At this point,
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EDEM starts the time step calculation, simulating the
motion of particles in the crushing chamber, calculat-
ing external forces such as particle collision force, cal-
culating particle acceleration through Newton's sec-
ond law, and integrating time to obtain the velocity
and position of each particle; Finally, EDEM transfers
the particle information to FLUENT in the form of
momentum sinks for the next time step calculation,
and so on.

FLUENT iterates the flow field Calculation of drag force EDEM simulation of
within the step size to convergence acting on particles particle motion

EDEM transfers particle motion to Update particle velocity,
FLUENT in the form of according lo
sinks Newton's second law

Fig. 4 Gas solid coupling solution flowchart

4 Establishment and verification of a simu-
lation model for particle acceleration effect

4.1 Establishment of simulation model for parti-
cle acceleration effect

Since the solid-phase model imported into EDEM
has to be coupled with the gas-phase model for calcu-
lations, and FLUENT flow field calculations require
high mesh quality for the gas-phase model. Therefore,
without affecting the simulation results, simplify the
assembly relationship of the solid phase model's struc-
tures such as the dividing cone, throwing head, and
impact plate accordingly. In order to facilitate obser-
vation, the diameter of the rotor upper plate has been
reduced. Set the inner radius of the rotor to =200
mm, the outer radius to R=400 mm, and the splitting
cone inclination angle 6= 15°, installation angle of
guide plate a= 42.5°, impact plate lag angle f= 6.3°
and installation angle d= 26.8°.

Select the multi coordinate reference model MRF
in FLUENT to simulate the movement of gas in the
rotating region and establish a flow field model in the
crushing chamber. The simulation model for material
acceleration effect established is shown in Figure 5.
The selected material for the particles is limestone.
Due to the fact that in actual production, the particles
processed by the vertical shaft impact crusher are
mostly produced by the previous process, which
meets certain particle size requirements, this article
uses a spherical particle model with a diameter of
40mm in simulation. The outer cylindrical grid in Fig-
ure 5 is the data collection area. In order to more ac-
curately collect the velocity of particles after being ac-
celerated, it is necessary to reasonably set the parame-
ters of the data collection area in the flow field. Due
to the improved rotor outer diameter R2=800 mm, in
order to enable the data collection area to only collect
the throwing speed of the rotor without collecting the
velocity of particles at other positions inside the rotor,

the inner diameter and outer diameter of the data col-
lection area were set to 800mm and 1100mm in the
simulation.

Particle factory

Particle

Rotor

Data collection area

Fig. 5 Simulation model of material acceleration effect

4.2 Verification of simulation model for particle
acceleration effect

Verity the reliability of the particle acceleration ef-
fect simulation model by examining whether the the-
oretical value of crushing force is consistent with the
simulation calculation results of crushing force [27].

4.2.1 Theoretical calculation of crushing force

Calculate the crushing force of an impact crusher
based on the momentum theorem:

p=tim U (19)
m tm, t

Where:

17... The patticle impact velocity [m/s],

t... The impact time [s],

z... The quality of limestone [kg],

7. The quality of the cutting board [kg].

The particle impact velocity 1 can be calculated by
formula (20) [28]:

16
V=K, }5% (20)
1

Where:

K....The impact velocity coefficient; J is the den-
sity of the material particles [kg/m?],

... The compressive strength of material particles
[Pa].

The impact time t refers to the duration from the
initial contact between material particles and the cut-
ting board to the occurrence of crushing, calculated
using equation (21). This formula is consistent with
the crushing time determined by recording and ana-
lyzing the crushing process through high-speed pho-
tographic film [27-29].

27r 62
t=—11 (E)S 21)
V> !
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4.3 Simulation analysis of crushing force

Establish a simulation model of an R = 800 mm
vertical axis impact crusher in EDEM and set the
physical parameters of the particles. Through simula-
tion experiments on a single particle crushing model,
the force variation curve of the cutting board with
time is obtained, as shown in Figure 6.

24
0 g

2 i
] g
L1 .
| .
L | ) P g

T PO | B RIS SRR R _
08} N i
0 | S| .
| | E— .

()] S — 1| S A SO .A«A

0 1 f\ n
04 05 06 07 08 09 1
t/s

Crushing force

0 01 02 03

Fig. 6 Cutting board force diagram during single particle sim-
ulation

From Figure 0, it can be seen that the maximum
force acting on the cutting board is 23846N. As the
crushing force on the particles is a pair of interacting
forces with the cutting board, it can be considered that
the maximum crushing force on the particles is 23846
N. Through three simulations and calculations, it was
found that the average maximum crushing force of
particles is 22977 N, which is basically consistent with
the maximum crushing force calculated through theo-
retical formulas of 22461 N. Therefore, it can be con-
sidered that the setting of inter particle bonding pa-
rameters and simulation physical parameters in the
crushing model is reasonable, that is, the simulation
model can simulate the crushing process of real parti-
cles.

Velocity(m/s)

impact plate :
s szasons L PACHD guide plate

4.50e+001 /
—
)

3.37e+001
2. 25e+001

1. 12¢+001

1. 34e-006 e ——
anvil plate

(a) The motion trajectory of a single particle

5 Simulation analysis of the operating effect
of a secondary acceleration type rotor

5.1 Analysis of particle motion process

Using the established particle acceleration simula-
tion model to analyze the motion trajectory of individ-
ual particles and the motion process of particle groups
in the crushing chamber. The outer diameter of the
secondary acceleration type rotor is R;=800mm. In
practical applications, the traditional vertical shaft im-
pact crusher rotor with a diameter of 800mm has a
speed range of 800-1800t/min. However, higher rotor
speeds will increase the impact force when particles
come into contact with the cutting board, exacerbate
the wear of easily worn parts such as the cutting board
and guide plate, and cause patticle crushing to be too
fine and forming particle size to be poor. So, during
the simulation process, the rotor speed was set to 1200
r/min. Reference [6] sets parameters such as Poisson's
ratio, density, shear modulus, friction coefficient, and
collision recovery coefficient for particles and rotor
materials.

The motion trajectory of a single particle is shown
in Figure 7 (a). It can be seen from the Figure 7 that
the turning points of the motion trajectory of a single
particle indicate collision with the guide plate, impact
plate, and impact board in sequence. Overall, the col-
lision acceleration process of particles is mainly re-
flected at the guide plate, impact plate, and crushing
chamber impact plate, corresponding to regions A, B,
and Cin Figure 7 (b), respectively. Through simulation
experiments, it was found that the collision accelera-
tion regions of different particle sizes under different
working conditions are similar to Figure 7 (b). From
Figure 7(b), it can be seen that the particle group is
accelerated by the guide plate to form a material flow,
which collides with the impact plate again to produce
secondary acceleration, and finally collides with the
anvil plate installed in the crushing chamber to achieve
crushing.

(b) Particle swarm collision area

Fig. 7 Movement process of material in crushing chamber
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The main acceleration collision positions of parti-
cles in the crushing chamber are shown in Figure 8.
Hide the outer shell of the crushing chamber and the
rotor body to display the particles in vector state. The
color of the particles increases from blue to red, indi-
cating a gradual increase in speed. Arrows indicate the
velocity direction of particles. The particles fall into
the rotor body along the direction of gravity, and after
being accelerated by the guide plate, the color of the
particle velocity changes from blue to green (Speed in-
crease), causing the particles to generate a certain
amount of impact energy. During this collision accel-
eration process, a small amount of particles will be
broken. After the particles are accelerated and collided
by the impact plate, the colour of the particles' speed

Collision area of
guide plate

Impact plate collision zone

changes from green to red (speed increase), which
provides the particles with kinetic energy to collide
with the anvil, and this collision is also accompanied
by a small amount of particles' ctushing. The final
crushing of particles is mainly achieved by collision
with the cutting board. During the collision with the
cutting board, the stored kinetic energy of the particles
is instantly released, generating a huge crushing force.
As a result, the color of the particle velocity changes
from red to blue (the velocity decreases), and the di-
rection of velocity also changes significantly. Some
particles that have not fully released their kinetic en-
ergy continue to collide with other particles in the
crushing chamber to achieve fragmentation.

Cutting board collision Particle collision

Fig. 8 Collision position of particles in the crushing chamber

In order to verify the supetiority of the secondary
acceleration type rotor in terms of material accelera-
tion effect, a blue collection area is set on the collision
surface between the impact plate and the particle, as
shown in Figure 9. By counting the number of parti-
cles passing through the collection area, the number
of particles subjected to secondary acceleration is cal-
culated to further verify the reliability of the secondary
acceleration rotor for particle secondary acceleration.
In order to avoid the impact of particles overflowing
above the rotor inlet directly colliding with the impact
plate and rebounding from the crushing chamber cut-
ting board, and the impact of particles colliding with
the impact plate again on statistical data, it is necessary
to set certain restrictions on the particles in contact
and collision with the impact plate. Since the particles
overflowing from above the rotor inlet are not in con-
tact with the guide plate, they are not accelerated by
the guide plate, resulting in lower speeds for such par-
ticles when they come into contact with the impact
plate. After the latter collides with the cutting board,
there is a significant loss of kinetic energy and a rela-
tively low speed. To eliminate the influence of these
two types of particles on the data collection area, the
collection area is set to only record information on
patticles with a speed of 25m/s ot above. Through
simulation, the curve of the number of particles pass-
ing through the collection area over time is obtained,
as shown in Figure 10.

In Figure 10, the number of particles passing
through the collection zone is 30,328, while the total
number of particles generated is 39,082. It is calculated
that roughly 77.6% of the particles can collide with the

impact plate, so that the particles can obtain a larger
impact velocity. The design requirements of the sec-
ondary accelerated rotor are met.

Collection area.. . . Sp.“ed'pan.cle
1) 1 S

Collision
particles
‘

- N
- &) N (&) w

Number of particles

o
o

00 02040608 1 12141618 2 2224
t/s

Fig. 10 Impact plate acquisition model
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5.2 Particle acceleration effect analysis

The outer diameter of the secondary acceleration
type rotor is Ro=800 mm, and the rotor speed is set to
1200t/min. Set the feeding speed to 25 Kg/s and the
simulation time to 2s. The velocity of the collected
particles is exported from the post-processing module,
and then the average value of the velocity data of this
test is obtained, which is the average throwing veloc-
ity. The acceleration effect on particles as a function
of time for the conventional rotor and the secondary
acceleration type rotor is shown in Figure 11.
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Fig. 11 Acceleration effect over time curve

In Figure 11, it can be seen from (D that the veloc-
ity of particles was O before approximately 0.3 sec-
onds, because no particles entered the data collection
area before 0.3 seconds. After 0.3 seconds, as shown

in (@), there was a phenomenon of particle velocity be-
ing 0 at certain moments in the acceleration process
simulation curve. As mentioned earlier, this is because
there are no particles in the data collection area within
this time step, and the speed data of the particles can-
not be collected in the data collection area, which does
not mean that the speed of the particles in the data
collection atea is 0 at that time. In order to make the
calculations more realistic and reliable, this test pro-
gramme has removed the point where the velocity is 0
when calculating the average throwing velocity of the
particles. After calculation, the average throwing
speed of the traditional rotor was ultimately deter-
mined to be 57.14m/s, while the average throwing
speed of the improved design of the secondary accel-
eration type rotor was 60.89m/s. Compared with tra-
ditional rotors, the average throwing speed of the sec-
ondary acceleration type rotor has increased by about
6%, meeting the design requirements.

6 Conclusion

Based on the kinematic analysis of the particles
thrown from the throwing head, the design method of
the secondary acceleration type rotor is proposed. The

mounting position of the impact plate is on the helix
of the particle flight, which is co-located by the lag an-
gle 6 and the mounting radius R of the impact plate.

A gas-solid coupling simulation model of the effect
of rotor on particle acceleration was established and
the motion process of particles in the crushing cham-
ber and the collision position of particles in the crush-
ing chamber were calculated and analysed by CFD-
EDM method. Research results show that roughly
77.6 % of the material in the crushing chamber is ac-
celerated twice by the rotor.

The analysis of the average throwing speed of the
secondary accelerated rotor shows that the average
throwing speed of the traditional rotor is 57.14 m/s,
and the average throwing speed of the designed sec-
ondary accelerated rotor is 60.89 m/s. The average
throwing speed of the secondary accelerated rotor is
increased by about 6% compared with the traditional
rotor.
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