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Simulation Analysis and Study on Particle System of Vibration Smashing Mill
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Abstract; In order to explore the optimum parameters of eccentric vibration grinding, improve the grinding efficiency and
diminish the deficiency area in the center of the cylinder, single-tube eccentric vibration mill was studied as the research
object to build the mathematical model of internal medium motion. The motion state of the grinding media and materials
under different combination of amplitude and exciting frequency was simulated by particle system analysis software
EDEM based on discrete element theory. Theoretical and experimental results show that the main body vibrates
continuously with high frequency on the simple harmonic exciting force and the medium has a definite dynamic rotation
center in the grinding cavity, which varies with the amplitude and exciting frequency. In the mixing process of grinding
medium and material, the mixing speed increases with the larger amplitude. However, when the amplitude gets too
large, part of the material is thrown to the edge of the mill, which reduces the mixing uniformity. When the amplitude
reaches 10 mm and the exciting frequency remains at 16 Hz, the range of medium motion is larger and the deficiency
area gets smaller. Meanwhile, under this condition, the tangential force between grinding medium and material increases
significantly. This will contribute much to the efficiency of smashing. Therefore, the effect and efficiency of grinding can
be improved by controlling the parameters of exciting frequency and amplitude.
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Figure 1  Structural diagrams of
eccentric vibration mill
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Table 1  Material mechanical properties parameters
e YR/ GPa B/ (kg - m ™) HELA4
Zr02 65.0 5 600 0.30

CaCO3 14.7 2930 0.29
0Crl3 70.0 7 800 0.30
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Table 2 Parameter settings of generated particles

i AR/ (kg - ™) A R BT R kg
CaCO, 0.1 0.20
710, (10 mm) 1.0 1.30
710, (15 mm) 0.1 0.15
7:0, (20 mm) 0.1 0.15
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Figure 3  Barrel-medium model before mixing
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Figure 4 State of mixing medium when

f=16 Hz,A =5 mm
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Figure 5 State of mixing medium when

f=16 Hz,A =10 mm
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Figure 6 State of mixing medium when
f=16 Hz,A =15 mm
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Table 3 Simulation parameters with different amplitude

PRME/mm & 2 d/mm 2 SpE/mm AR He B/ ()
5 3 4 16 90
10 6 8 16 90
15 10 12 16 90
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Figure 7 Medium trajectories with different amplitude
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Figure 8 Tangential force between grinding

medium and material with different amplitude
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Table 4  Simulation parameters with

different exciting frequency

PR/ mm  x JpE/mm 2 ArE/mm EARBIE/H2 WA/ ()
10 6 8 16 90
10 6 8 20 90
10 6 8 25 90
K9 HRGAER 50 ~20 s IFA] Y, A [a] B4R 45

A A S . B9 ATLAE Y, BRI A
16 Hz 3Jm# 25 Ha I, AR A Jﬁéﬁ’\%ﬁﬂtuﬁ&
A B, HZ REDK IS A 34, £ T HE 2 I A A
W2 A USRI, ﬁ%%ﬁ%ﬁﬂf_?vﬁﬁluﬁmw

10 SR 10 mm , AR I -5 PR 4
fil SR ZR . HIIRITR h 16 Hz 4% % 20 Hz i,
YPRHSIF I A1 5 ] 19 2274 fik g DA 312. 41 N R
436. 15 N 3R 20 Hz I, $5fil J) AFEE , 75 20 s
WARTCBER , Sy i ISR 3 T AN s IR 1k 2] 25
Hz 5], g1 T R sl , A Bl F B DR, A

SARRES BT R BRI N, Z REIX IO, RE A o1 DL
TE YRS B A Iﬂﬂiﬁtﬁ%ﬂﬁﬂd\ﬁ 94.49 N
MRS W AR R

LR RE LR AL R BEAN

(@)4=10mm, f=16 Hz (b)A=10 mm, /=20 Hz (c)A =10 mm,f=25Hz

B9 RE IR F RN IE ST
Figure 9 Medium trajectories with

different exciting frequency
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Figure 10  Tangential force between grinding medium

and material with different exciting frequency
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