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Fig.1 Structural diagram of 3-DOF hybrid vibration screen
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Note: Fx is excitation stress in X direction, N. Fy is excitation stress in Y
direction, N. FZz is excitation stress in Z direction, N. £ is elasticity coefficient of
spring.
B2 =g dERIRKED) IH I~ & A ALE
Fig.2 Mechanic structural diagram of 3-DOF hybrid vibration
screen
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Fig.4 Model of 3-DOF hybrid vibration
screen in ADAMS
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Table 1 Input parameter in ADAMS
Gy X3 Y %3 Z %5
N ’ X displacement/ Y displacement/ Z rotation/
o (mm-s™) (mms™) (rad-s™)
%5 —4H First group 10sin(10%T) 10sin(10%T) 14
% 2l Second group 15sin(10nT) 15sin(10nT) 18n
% =4l Third group 15sin(157T) 10sin(157T) 22n

e T, s
Note: T'is time, s.
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Fig.5 Displacement curve of screen surface in different directions
%2 ADAMS (FEHIREER
Table 2 Results of ADAMS simulation data

ol o F=dl
First group Second group Third group
Jim — n — ,, - :
Direction  Ji IES E IES £/ LIES
Amplitude Frequency Amplitude Frequency Amplitud Frequenc
A/mm F/Hz A/mm F/Hz eA/mm yF/Hz
X 10 5 15 5 15 7.5
Y Il 10 5 15 5 10 7.5
Z 1 12.5 7 10.8 9 8.6 11
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Fig.5 Cottonseed particles and screen surface model in EDEM
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Table 3 Cottonseed and screen surface physical parameters

EAs izt FiE I
Name Cottonseed Screen surface
#J% Density/(kg'm™) 965 7 861
HFALL Poisson’s ratio 0.2 0.6
BIY) i Shear modulus/GPa 1 0.6
PR B 2L Coefficient of restitution 0.02 0.02
HiHEE P 23X Coefficient of static friction 0.30 0.29
R B B R EL Coefficient of rolling friction 2.00 79.92

%4 0#E EDEM FEIZHSH
Table 4 Motion parameters of screen surface in EDEM simulation

B4l B4l B4
i First group Second group Third group
H
Direction  JKIE B P B Pl pIE S
Amplitude Frequency Amplitude Frequency Amplitude Frequency
A/mm F/Hz A/mm F/Hz A/mm F/Hz

X 0 0 10 5 10 5
Y 0 0 0 0 10 5
VA 12.5 7 12.5 7 12.5
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S
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I} 8] Time/s
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a. Particles in X direction
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b. Particles in Y direction

Zhik
Z displacement/mm
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c. Particles in Z direction
B 7 Z @4k it Uk B4 (A 0 I o 2%
Fig.7 Displacement curve of particles in screen surface with Z
direction vibration
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Fig.8 Displacement curve of particles in screen surface with X
and Z direction vibration

P 9 s T 9 ] XYZ 17 P 2y I Rk 000 (14 97 7 i A
MRAFRURLAE F R RV 5, L@ (R e, HL55 0
A A, AT RE R P30 T = 1) SRRl ST
Bt ¥ U s L (AR N 1 P T A T KA




6

TRCAESE  RFFBURLAE — I i BRI R S i 1 L 10 iz sl i 53

Sk IR IE . H T ORLRH B R R, MR RLIE
G i 5 i IS s M IF A e A — 8. &Y
3.6 s Ja, BB XA Y AR SRR, Z M) RE
GEREAG, REIPURL CLIETE, BORVE AN BERME R R B 7
WOR TIRIEANL Z F PRSI R ERORL IR 55 2 B A
FERRLAMEASKIN,  URLAE 52 S g, JIORLAE X\ Y i)
AL DRI RIS, BiRi&iY) 6.4 s JaiEl, timm
XYZ POk BT Y3 Ui i TR 8 0 77%. 1 8 SR T i
[f] XZ 745 ) I RFFA0RL R 05 2 ek B, 51 7 AHEE X ) B
BRI F, Wikt 2 5.1 s JaiE i,  Himimi
Z [} Y s s R A P-4 IR N () 4 4 38%,  LRSRTH XYZ
I B S RURLAFE T~ 450328 i sF [R) 38 0 43%

[5%3
(=]

hr %

X fir
X displacement/mm
(=]

0 1 2 3 4
fif 18] Time/s
a. FURLHE X J7 1)
a. Particles in X direction

Y fi#%
Y displacement/mm

0 1 2 3 4
HF [8] Time/s
b. BRI Y 71

b. Particles in Y direction

VAIX:
Z displacement/mm

0 i > 3 4
fif 1) Time/s
c. WKL Z J7 1w
c. Particles in Z direction
B9 XYZ & Hsh B Fk B o (o B 1) o 2,
Fig.9 Displacement curve of particles in screen surface with X, ¥
and Z direction vibration
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Table 5 Dispersive and efficiency of cottonseed in three vibration

conditions
I R il AR
DOF of screen surface Dispersive/% Efficiency/%
Z 7.5 45.7
XZ 11.6 67.5
XYz 18.9 712
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Cottonseed particle motion Law in 3-DOF hybrid vibration screen surface

Wang Chengjun'?, Liu Qiong®, Ma Liizhong®, Li Long?
(1. Mining Engineering Post-doctoral Mobile Station, Anhui University of Science and Technology, Huainan 232001, China;
2. School of Mechanical Engineering, Anhui University of Science and Technology, Huainan 232001, China;
3. School of Mechanical Engineering, Jiangsu University, Zhenjiang 212013, China)

Abstract: To further study and reveal material movement rule and penetrating screening mechanism on multidimensional
vibrating screen as well as to design a hybrid vibrating screen of three degrees of freedom (3-DOF), the paper, based on
topological structure theory in mechanism, has constructed a complete decoupling 3-DOF hybrid organization of 2PRRR—P@®)
as the main body of vibration mechanism in the 3-DOF hybrid vibrating screen and has designed an experiment prototype of
the 3-DOF hybrid vibrating screen. The simulation test of screen movement on the screen surface was carried out and analyzed.
Cotton seed particles of ellipsoid were taken as the typical materials. Movement rule of material particle group on the screen
surface of the 3-DOF hybrid vibrating screen was analyzed. D-H transformation matrix was used to deduce motion trace
equation on the screen surface. The kinematics simulation was carried out with ADAMS software, and the feasibility of the
mechanism design has been verified. Based on the discrete element method, the paper used optimal selection of difficult
ellipsoid cotton seed particles of ellipsoid that is difficult in screening in agricultural materials as the screening objects, and
carried out simulation analysis on screening process of cotton seed particle group on the screen surface of the 3-DOF hybrid
vibrating screen. In the simulation test, optimal screen size is 280 mm % 160 mm and contact model between cotton seeds and
screen surface belongs to the Hertz model. Set in the rectangle form of 140 mm x 80 mm, particle factory produced 10 000
cotton seed particles and particle generation rate was 5, 000 per second. The simulation time was 8 s. In the experiment,
reciprocating motions in Z, XZ and XYZ directions were respectively added on the screen surface. Based on truncation
technique, the average values of three-coordinate in borderless particles collision were respectively extracted and the particle
group displacement time curve on the screen surface was drawn. Simulation test results showed that when the screen surface
vibrated in XYZ direction, three-direction displacement curve of cotton seeds displayed periodicity and the X and Y directions
showed the larger throwing displacement. After 3.6 s, particles penetrating screening completed. When the screen surface
vibrated in Z direction only, there was a small amount of displacement fluctuation in cotton seed particles in the X and Y
directions. After 6.4 s of particles’ penetrating screening, the average penetrating screening time increased by 77% compared
with vibrating particles group on the screen surface in XYZ direction. When the screen surface vibrated in XZ direction, cotton
seeds particles in X direction had the relatively great throwing displacement. After 5.1 s, particles’ penetrating screening
completed. The average penetrating screening time was shortened to 38% compared with particles group on screen surface in Z
direction only. Average penetrating screening time increased by 43% compared with particles group vibration in XYZ direction
on the screen surface. Simulation test results showed that the increase of freedom movement on the screen surface in X and Y
directions could increase the particles group’s throwing displacement in X and Y directions correspondingly, which was
conducive to dispersing particles group on the screen surface, reducing average particles’ penetrating screening time and
improving the screening efficiency. The dispersion and efficiency of cottonseed particles on three translations of 3-DOF
vibration screen surface was verified by testing in the multi-dimensional vibration screening test stand, and the test results were
in agreement with the simulation. Research showed that 3-DOF hybrid vibrating screen could realize three-dimensional
independent vibration along the X, Y and Z directions. The vibration parameters such as degrees of freedom of vibration,
amplitude, frequency could be adjusted conveniently; 3-DOF vibration on the screen surface was conducive to dispersing
particles materials on the screen surface and could significantly improve the screening efficiency. The paper provides the
reference for further study on the multidimensional vibration principle and for prototype development of 3-DOF hybrid
vibrating screen.

Key words: agriculture machinery; vibrations; mechanisms; vibrating screen; 3-DOF; three dimensional discrete element
method; cottonseed particle group
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