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Optimization and analysis of parameters of sea buckthorn
frozen fruit vibrating cleaning device based on EDEM
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2. College of Food Science and Engineering, Gansu Agriculture University, Lanzhow, Gansu 730070, China)

Abstract; Aiming at solving problems of low cleanliness rate and easy clogging of screens in the cleaning and
processing of sea buckthorn frozen berries, this study used EDEM software to optimize the structural and motion pa-
rameters of the vibrating cleaning device. Using frozen berries, branches, and fruit stems from mechanical dehulling
of quick-frozen sea buckthorn branches and fruits as experimental materials to measure the size characteristics of the
materials and carry out the dynamic analysis of the vibration cleaning device and the force analysis of the particles
on the sieve. Based on the analysis of the influence of different shapes and sizes of screen mesh combinations on the
cleaning rate and penetration probability of the vibration cleaning device, the design parameters of the screen mesh
were determined as follows: the first layer of screen mesh was a circular hole with a diameter of 11 mm, the second
layer of screen mesh was a circular hole with a diameter of 9 mm, and the third layer of screen mesh was a long
hole with a diameter of 5 mm X 25 mm. The single factor test results showed that the change of amplitude did not

significantly affect the cleanliness rate and penetration probability, and the amplitude of the sieve body was selected
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as 6 mm to ensure the high cleanliness rate. The vibration frequency, vibration direction angle, and screen surface
inclination angle as the test factors, the cleanliness rate and the penetration probability as the test indicators were
selected to design the quadratic orthogonal rotation combination test and establish the mathematical model between
each factor and the index. The optimal combination of the optimization results was as follows: when the vibration
frequency was 17.52 Hz, the vibration direction angle was 44.7°, and the screen surface inclination angle was
1.56°, the cleanliness rate of the vibrating cleaning device was 99.62% , and the screening probability was 33.42%.
The optimal parameter combination was verified by bench test and simulation test, and the results showed that the
results of bench test and simulation test were basically consistent with a relative error of 1.13% for cleaning and
1.68% for particle screening quantity. This study can provide a theoretical basis for the optimization design of the
vibration cleaning device for sea buckthorn frozen berries.

Keywords: sea buckthorn; vibrating screen; discrete element; penetration probability, cleanliness rate
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Fig.2 Dynamic model of the vibrating cleaning device
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Fig.4 Shape of the screen body of the vibrating cleaning device
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Fig.3 Kinematic modelling of the screening process
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Table 4  Screening effect of the third deck with

different combinations of sieve bodies

BfL-J7fL  BL-BSL JrfL-BIfL  Jifl-Jifl

g
IEI:/T Round hole- Round hole- Square hole- Square hole-
naex square hole round hole  round hole square hole

E AR %

Penetration 32.4 20.8 22 30.5
probability

HIER/ %

Cleanliness rate

99.37 99.24 97 97.5

x5 RSHHELEIZITR

Table 5 Numerical test design table for vibration parameters

e ESES KF FAF
Number Factor Level Conditions
A, PR IE/mm 6=45°,
1-4 Amplitude 4567 a=0,F=18
0, B Ir s (°) a=0,A=5,
3 Vibration direction angle 40455055 F=18
NIL I = =
9-12 POREVBUR/M 0 gg 5 0745.425,
Vibration frequency a=0
sge BT/ () 0 2 4 g 095455,

Screen inclination angle F=18
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Fig.10 Effect of vibration frequency on cleanliness rate and penetration probability of cleaning device
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Fig.11 Effect of vibration direction angle on cleanliness rate and penetration probability of cleaning device
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Fig.12  Effect of screen inclination on cleanliness rate and penetration probability of cleaning device
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Table 6 Experimental factors and levels

% Factor

KE e o RSDTMM AL TR
Level Vibration Vibration direction Screen inclination
frequency/Hz angle/(°) angle/ (°)

-1 16 40 0

0 18 45 2

1 20 50 4

F7 WWIETER
Table 7 Results of experimental design

B B

F/Hz  0/(°)  o/(°) Y% Yy /%

Test number

1 16 40 2 99.40 27.05
2 20 40 2 98.83 27.42
3 16 50 2 99.21 26.86
4 20 50 2 99.10 26.54
5 16 45 0 99.56 28.50
6 20 45 0 99.32 26.64
7 16 45 4 99.50 24.78
8 20 45 4 99.12 26.08
9 18 40 0 99.43 26.70
10 18 50 0 99.23 26.13
11 18 40 4 99.17 25.37
12 18 50 4 99.12 25.18
13 18 45 2 99.63 32.33
14 18 45 2 99.67 32.38
15 18 45 2 99.47 33.22
16 18 45 2 99.55 32.07
17 18 45 2 99.55 32.44
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Fig.8 Simulation results of sieving process

of sea buckthorn material
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Fig.15 Bench test of the cleaning device

5 45 8

1) i b i i iz 3y Jy e A _E 0k A2 1 90 i, 19
R SRS S IS BE Z M A &R, i T
JIi SR 5 R 2 BB oy S R R, 15 2 45 WRL Y
PRBU AR, A T DU AR S MRS R

2) i1 EDEM 15 HA 56 010 R 45 Vb e R Ik
By ek B OCHES R, il i B AR o B T )
FLARTKIN B AR, AN TR]32 3l 2 80 2% 1 XKL Y
i 73 SRR 5 W, A5 380 s 19 LA A AU 325 7
SRR, B JZ 0 00 5 = J= 0 1) S [0 £ i A AL
0 21 5 IR ORI 75 BT 25 R0 355 355 3 0k B B R AHL, 23
1 32.4%F1 99.37% ,



286 T XA 5T Ha2 s

*x8 AEAKLER
Table 8 Results of bench test

Number of particles A %

K through sieve Missed seeding rate
Nember Tpomite AgA® GEAE ARRE
Simulation test Bench test  Simulation test Bench test
1 1497 1567 99.65 98.81
2 1413 1493 99.59 97.71
3 1622 1688 99.46 98.47
4 1411 1454 99.67 99.19
5 1592 1558 99.76 98.29
FHlH
Average 1526 1552 99.626 98.49
value

3) AL TR shiE RS B E RS S B R
FINE 1 a0 [l B R | SR A5 4 2 1 1k 256 B e L S 4L
WA IR N 17.52 Hz, e sl 710 fah 44.7°,
J%ﬁﬂﬁﬁlﬁ 1.56°, I I 4% 2l 1 126 36 8 01 T T RN
99.62% , % THHESE N 33.42% . T TR R I AR XTI 2% Ry
0.95% , FoORi 25 i Bk e A AR X 1R 250 1.68% , £ 421K
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