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Design and Test of Stepped Vibrating Screen with Cross Air for Maize Harvester

WANG Lijun FENG Xin WU Zhenchao LI Rui CUI Yougiang LI Yibo
(College of Engineering, Northeast Agricultural University, Harbin 150030, China)

Abstract; To reduce the loss of maize and ensure certain cleanliness of maize after screening operations,
the movement of maize mixture was analyzed in the airflow field, and the stepped screen body was
designed based on shell screen. The stepped buffer zone was designed by analyzing the theory of maize’s
collision to temporarily retain grains in the stepper and reduce the effect on carrying maize from maize
mixture and avoid maize accumulation in the ladder. However, maize debris directly went across the
ladder. To make the screen amplitude as 19 mm, the computational fluid dynamics and discrete element
method (CFD —DEM) were coupled in the quadratic orthogonal rotational-combinational simulation tests.
The factors were the inlet velocity and direction angle of airflow, height of the ladder and vibration
frequency of screen. The indexes were the loss and cleanliness of maize grains collected. The test data
were analyzed by the response surface method and the regression mathematical models were multi-
objective optimized by using Design-Expert software. The results showed that the loss and cleanliness of
maize were 1. 69% and 98. 8% , respectively, when the inlet velocity of airflow was 16m/s, the direction
angle of airflow was 25°, the height of the ladder was 8. 36 mm, and the vibration frequency of screen
was 4. 45 Hz. The performances met the requirements of corn harvest. The performance tests were done
in the laboratory to verify the accuracy of the simulation results. The rate of maize loss was 2. 12% and
the cleanliness of maize grains collected was 99.16% after screening. Compared with the flat shell
screen, the loss of maize grains across the stepped shell screen was reduced by 1. 14 percentage points
and the cleanliness of maize grains was increased by 1. 98 percentage points. The cleaning performance of
screen was improved.
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Fig.2  Analysis diagram of stress of maize mixture
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Fig.3  Analysis diagram of collision angles of different slopes
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Tab.5 Experimental results

B W A 1 = B 1 N | & S (- Rk

1;;?2 HE M mE R Ry R 0 R
% %, i Xy % 2/ % % 2/ %
1 -1 -1 -1 -1 4.85 0.24 96.33 1.12
2 1 -1 -1 -1 4.58 0.32 98.58 1.32
3 -1 1 -1 -1 6.05 0.26 98.72 0.96
4 1 1 -1 -1 5.12  0.31 98.69 1.01
5 -1 -1 1 -1 2.10 0.33 93.12 0.93
6 1 -1 1 -1 3.55 0.19 96.51 0.91
7 -1 1 1 -1 2,96 0.19 95.73 0.66
8 1 1 1 -1 4.47 0.23 98.75 0.88
9 -1 -1 -1 1 4.67 0.22 98.11 1.23
10 1 -1 -1 1 6.97 0.24 98.95 0.54
11 -1 1 -1 1 6.47 0.32 98.98 1.32
12 1 1 -1 1 7.46 0.21 98.98 1.11
13 -1 -1 1 1 2.57 0.19 95.48 1.09
14 1 -1 1 1 4.96 0.32 98.63 1.32
15 -1 1 1 1 4.07 0.30 97.61 1.00
16 1 1 1 1 6.26 0.22 98.50 1.22
17 -2 0 0 0 3.06 0.31 95.97 1.31
18 2 0 0 0 6.41 0.18 99.09 1.13
19 0 -2 0 0 3.59 0.28 96.37 0.88
20 0 2 0 0 6.46 0.21 98.72 0.81
21 0 0 -2 0 6.97 0.29 98.46 0.79
22 0 0 2 0 4.37 0.23 95.07 0.93
23 0 0 0 -2 3.67 0.27 97.28 0.77
24 0 0 0 2 6.36 0.31 98.78 1.11
25 0 0 0 0 5.20 0.29 98.69 1.19
26 0 0 0 0 5.25 0.28 98.63 1.21
27 0 0 0 0 5.27 0.25 98.62 1.20
28 0 0 0 0 4.85 0.26 98.59 1.16
29 0 0 0 0 5.26 0.23 98.92 1.43
30 0 0 0 0 4.76 0.27 98.62 1.71
31 0 0 0 0 5.26 0.26 98.63 1.60
32 0 0 0 0 5.32 0.25 97.72 1.21
33 0 0 0 0 5.71 0.28 97.11 0.88
34 0 0 0 0 5.82 0.29 97.13 0.91
35 0 0 0 0 5.09 0.24 98.42 1.21
36 0 0 0 0 5.37 0.25 98.61 0.89
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Tab.6 Bench test results
- i i 5y 5 i
=2
WHE/ % BRE/ D R BRE %

1 97.75 3.53 99.51 1.99

2 96. 56 3.09 98. 48 2.36

3 96.73 3.10 99.71 1.87

10 HEdeE 4 97.13 3. 11 98. 84 2.15

Fig. 10  Experiment device 5 97.73 3.47 99.26 2.23
LSBT S 2. Bsh 2 i ¥IA 97.18 3.26 99. 16 2.12
B 22 0. 49 0. 20 0. 45 0.17
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