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Design and simulation analysis of frozen sea buckthorn sieving device

YANG Jinfa', HU Jingming', YANG Mei', BI Yang’,LI Moruo',
ZHANG Qianglin' ,XIANG Jintian', SUN Weiyi', QU Hao'
(1. College of Mechanical and Electrical engineering, Gansu Agriculture University, Lanzhou, Gansu 730070, China;
2. College of Food Science and engineering, Gansu Agriculture University, Lanzhou, Gansu 730070, China)

Abstract: To reduce the pure-fruit trash content of branch fruit of the quick-frozen sea buckthorn after screen-
ing and purification in Gansu production area, a linear vibrating screen with three layers of sieves was designed
based on the traditional ZKB type linear vibrating screen with diameters of the three layers’ sieves of 12 mm, 8 mm
and 5 mm. The discrete element simulation software was used, with the adoption of the vibration direction angle,
amplitude and frequency as the independent variables, and the vibrating screen efficiency and sieving speed as the
response values. The orthogonal test was designed by applying the comprehensive scoring method to analyze each
factor and its interaction. The test results showed that the best screening effect was achieved when the vibration di-
rection angle was 45°, the amplitude was 2 mm and the vibration frequency was 18 Hz. In the prototype test under
this condition, the screening efficiency and screening speed of the lower deck screen were 85.3% and 0.33 m » s,
respectively, and the screening efficiency and screening speed of the upper deck screen were 85.9% and 0.38 m -
s, respectively. The main design index of the machine conformed to the relevant national standards and met the
demand of enterprises for screening efficiency. The results of prototype field test and simulation test on the four in-
dex differences and the best vibration parameters of nine sets of test data were consistent.
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s B #1:2022-02-05 & B B #1.2022-03-14

EEUWA :HEKARBFEGTH (52065006)

TEEBN 8Kk (1997-) , 5 IWARIGUT A BT AR BT D5 8 R MR ION T2 4%, E-mail: 17854964951@ 163.com

BEEE WA (1975-) , 5 HRBE A Mz, EENE R XR I TR R 5256 45 FR R R R IR & 05, E-mail: hujm@ gsau.

edu.cn



56

Wi 55 L D RR L 23 0TS 05 B b 277

FKEVP BRIz 00 T 20 2404 AR X,
FLAETITRY 430 24 E PR AT 7E-43°C ~40°C )z i
JEX M NAR  BA YT 5 2R A, 2 &b
PR EER A Z 1 WO R E A R
C BT A5 A P 1 M Ay, mT A SR R | A i S 24
Wi A = JEORE ) Sl g X B A SR WA R Ak SR R AT
PR DR B2 T PAF BRI R

Al A %7 2 AR BE A /NI R R AL, B A
VDR SR B Z LB, T S A A SR
S WD ISR R AT 0 4, DT o AP 0 I R 5 2
SRISIOL A A 7= e ol 4 A SR 2 — A WL BT AR
A EIBRZehn e, HAT, Mk i FH 2 J2 0
2R 15 e s AP 12 AT W T 7 2R A 7 U R SR R 2
0y A A N B RO B T A (EDEM) 43
BT VDR A 5 SR T SR J5 R SR R S 1 43 B R
5T T IRFLIEAR X 2 B R B, K
T —Fh = 2R A | O LU S AL A o B 8
AL T RCR A S 2%, o R HIESE
AN ST 115 2 IR 307 W i TAF S 806 K S
YRR A5 3] T 0 A R AR S8 R
SR A WFFEAE VDR R R 0 73 SRS F 5 UR  (H
ATSAEAE G 53 S5 RAS BRAR ) [ S0, i AV 3 AT O T 41
By 2 AR (7 5. AR VD O 43 B A 2B 7 RO TE S 2
1y IR FEAT 5 A 1 AL ) W 25 IR R AR
22 J2 15 I R AT O ) 7 3 0 v, LI 0 i R
DAL, AR RO e EL RS 4 B4 V0 R 5 2 MLARATS S —
Tk 7 ¢ W) TAE

KGRI TFAE 510 ZKB 7 B 2R 95 3l 0 Sl i
Be & 3 200 i B IR BN, R LR G PP ikt
TEAEIRT , W B BT R AR X 0 UL T A S 80817 B
5% s e ad RE ML M 58, 75 B AL 0 4 5 Bl
Bro BRG] Ry v i 3R 2R o S50 Rk 0 3 B 2
Pt—Fh i o=,

1 BPLET TS T AR RO

1.1 Bl

VMESGE) ZKB HLZ AR 80 hy S hilh A8 B 5 0
TR0 O 56 I H bk o R AIR 2h 0 R T AR e
ZMLEZ W 3 200 2 GRS 4 MR |
TEAE AL N, 1 iR, 458 AT YR 3
WITFRIE, Bl B2 IR3h i 4MNE R~F S 400 2 300
mmx 1 400 mmx1 000 mm , BEHL 5 & 275 kg, I H
A RSFYR 200 mmx 100 mm, b 4 R 2G5 L
9 12 .8 .5 mm,

1 B2 2. )23, T2 4. IR ;5. T,
6. RSN, 7. Bidk RO ;8. I RBHR O
9. JRHR T 10. B AR UHR O 11, FfiAS

1. Upper sieve; 2. Medium sieve; 3. Lower sieve;

4. Vibration damping springs; 5. Support bracket;
6. Vibration motors; 7. Main discharge port for branch strips;
8. Small impurities outlet; 9. Berries outlet;
10. Sub-outlet for branch strips; 11. Sieve box
B1 BEZ&EHFEETEE
Fig.1 Schematic diagram for the structure

of a linear vibrating screen
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Table 1  Material physical property parameters

YRR &S IR /NIRRT
Type of material Branch strips Berries  Small impurities
S ~
Equivalent model - -
B2 R .3
B (kg - m™) 1622.8 1070.0 218.1
Density
3 I
AR 0.50 0.41 0.43
Poisson’ s ratio
ﬁ'ﬁ{: e
ST/ MPa 3.43 2.79 7.22

Shear modulus
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Table 2 Material-to-material contact mechanics parameters
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Fig.6  Vibrating screen simulation screening efficiency and screening speed



%5 6 1Y)

Mo 3 DR R 032 BB S 0 i

283

U4 Bh 25 A6 5 5 3 s PN P24 (1, 757
Y0 4 VAL B R4 AR IF A TR e 4 TS VB
ST R A 4 BT T E 2 S
R R A TR

IHTHE S TR 3 AR 85 B %R B 7
SRR N Iy 3R B JT 160 A (C) SR
(A) JRBFE(B), R ITEN C, A, B,, B
SR N 450 JRIEH 2 mm JREVE D 18
Ha I | SR N1 3740 BBk

5 g5

M5 7%

TEH A8 DG BH 7 A 2L 25 v 3o T Al X i
YRz 73 2% B AT IR, I AR R S R
BLHEHT kL, A 0.5 ¢« b IRSh S 80 By

5.1

F R I INERIRE S 807 A, CHAK
5550 10 SH#EA TSR, oM L PR i R S 288
52 #RESH

FEHLSZ PRI G 25 0L 3% 6, Hofil i #4545 & JB/
T 9022—1999 (PRsh iR , i 73 J5 1 S R K
WIS S GB/T 23234—2009¢ Ff [ Vb ik W 52
AR e —F R KM,

SR S Y 45 SR R B Y R 3l 1] A R 450 ik
WE R 2 mm $RBE N 18 Hz B, 4R 3 07 1Y 57 43 5
R, S EIRR S5 e —8, SR SH N
LSRR EE Rk 6 10 SRR,
T IR 5 3R RN 5 530 R 85.3% 1 0.33 m
- s LR SRR RN 43 U 3 R 85.9% i
0.38 m « 87" Fi ORI T BI04, H s
550 3 S B R AR R

F4 ERSBIHESRR

Table 4 Indicator score calculation reference

J5¥5 Indicator G/ % E/ % H/(m - 57! ) F/(m 57! )

e -

B X [ 0~100 0~100 0~1 0~1

Experimental data interval

S ST

WP HLE 40 30 20 10
Full evaluation value

. o SRR B AR A e

i o ) M = T AT
SRSV it = e e IR

Evaluation score calculation method

Evaluation score=

Actual simulation value .
XFull evaluation value

Maximum value of test data interval

x5 RBRARRERSTER

Table 5 Experimental protocol and results analysis

5 B R KA R Experimental factors and results AT
Experimental number A B C G/ % E/% H/(m-s™') F/(m-s™!) Overall evaluation

1 1 1 1 99.279 88.687 0.278 0.309 74.968
2 1 2 2 99.034 92.104 0.310 0.322 76.665
3 1 3 3 98.275 93.851 0.211 0.344 75.125
4 2 1 2 95.563 94.203 0.300 0.407 76.556
5 2 2 3 94,982 87.393 0.305 0.434 74.651
6 2 3 1 91.303 91.691 0.337 0.447 75.239
7 3 1 3 84.481 91.832 0.368 0.482 73.522
8 3 2 1 83.947 85.607 0.425 0.500 72.761
9 3 3 2 81.095 92.733 0.510 0.555 76.008
K, 226.758 225.046 222.967
K, 226.445 224.076 229.229
K, 222.291 226.372 223.298
k, 75.586 75.015 74.322
k, 75.482 74.692 76.410
ky 74.097 75.457 74.433

2 Range 1.489 0.765 2.087

PEfbFT% Optimal scheme A, B, C,




284 TR XA BT

55 40 45

xo FHHNLIRRINHER
Table 6 Actual test results of the prototype

5 SRR ZE 5 Actual test results
Experimental
number G/% E/% H/(m-s') F/(m-s™")
1 86.8 85.6 0.27 0.35
2 85.8 86.4 0.32 0.33
3 84.3 86.9 0.28 0.37
4 81.2 85.2 0.32 0.41
5 83.2 80.5 0.30 0.45
6 81.4 83.2 0.34 0.47
7 77.3 82.9 0.38 0.48
8 77.9 79.2 0.42 0.50
9 76.5 79.8 0.50 0.52
10 85.3 85.9 0.33 0.38
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