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Design of fertilization control system based on EDEM simulation for
deep application of organic fertilizer

SHI Lina, XU Liming” , XING Jiejie, YUAN Quanchun, LIU Xudong, CHEN Junwei, WANG Rongyan
(College of Engineering, China Agricultural University, Beijing 100083, China)

Abstract In order to solve the problems of uneven soil fertility in different plots and different demands for organic
fertilizer at different growth stages, one organic fertilizer application machine was designed in this study. Discrete
element simulation software EDEM was used to simulate the rotation angle of the fertilizer rotary table and the discharge
rate,and fitted the results by combining machine running speed, the theory of fertilization amount per unit area, fertilizer
mechanism rotation angle and fertilizer flow and other factors were combined in the new machine. This machine included
the main program module, speed measurement module (speed, fertilization rate, and pulse conversion module) , interrupt
module and liquid crystal display module. The results of indoor experiment showed that: When the theory fertilization
amount per unit area were 7 500,9 750 and 11 250 kg/hm? , respectively, the actual amount of fertilizer were 7 532. 46,
9 836.82 and 11 042.28 kg/hm? ,respectively. The coefficient of variation of CV fertilizer was 1.1%,1.3% and 1.9%
displaying good consistency. The results of field experiment showed that: The fertilizer was uniform and there was no-
flow phenomenon. All the results meet the design requirements. This machine can meet the agronomic requirements of
deep application of organic fertilizer,and can be used for the deep application of organic fertilizer.
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Table 1  Determination of density of organic fertilizer
2531 Fik/g W/ (g/em®)
Group Quality Density
1 215.51 0. 862
2 215. 30 0.861
3 214. 80 0. 859
4 214. 06 0. 856
5 214.49 0. 858
SEI{E Mean 214. 83 0. 859

T AR BB R R 250 mL, A% IR R 14 P9 IORL UL
] B3 X6 A R 3 2 14 5 )

Note: The volume of the cylinder is 250 mL, Without

considering the effect of fertilizer granule on the

volume caused by cylinder clearance.
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h is the height of a cone formed by the accumulation of organic
fertilizer,» is the radius of the bottom circle of a cone formed by
accumulation of organic fertilizer, § is the angle between the
generatrix and the bottom circle of a cone formed by accumulation of
organic fertilizer, that is angle of repose.

1 FENENEFVRKILERA
Fig. 1 Measurement of angle of repose of

organic fertilizer by injection

*2 AURERKLEANEER
Table 2 Measurement results of repose

angle of organic fertilizer

B B A/mm CEAE r/mm AKIEF 0/C)
Group Height Radius Angle of repose

1 98.2 142. 3 34.6

2 99. 8 149. 2 33.8

3 97.2 154. 3 32.2

4 98. 4 144. 4 34.3

5 95.8 153.3 32.0

-3 Mean 97.8 148.7 33.4
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1. Fertilizer box;2. Frame; 3. Fertilizer switch mechanismj
4. Wheel speed measuring mechanism
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Fig. 2 3D model of organic fertilizer

deep application machine
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1. Fat box; 2. fertilizer tube; 3. Fertilizer shovel; 4. U bolt; 5. Steering gear; 6. Frame; 7. Fertilizer switch turntable;

8. Universal ball bearing;9. Bearing connection plate; 10. Connection flange
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Fig. 3 Rotary table type fertilizer discharging mechanic
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Fig. 4 Fertilizer application and control flow chart
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Table 3

Simulation results of unit time fertilizer

output and fertilizer rotary angle
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Fig. 5 Relationship between the rotation angle and the amount of fertilizer per unit time and pulse
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Table 4 Simulation results of steering angle and pulse

Jik#ft m Pulse 100 200 300 400 500 600 700
WERG M o/ () 18 38 52 65 83 99 120

Fertilizer turntable angle
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Table 5 The results of unit time discharge test

25 FME/ (keg/s) WiBH/ (keg/s) T v 22 T NEAS S 2R 8/ %
Uint number Average value Theoretical value  Standard deviation CVv
1 1. 131 1.126 0.013 1.1
2 1.477 1. 464 0.019 1.3
3 1. 658 1. 680 0.031 1.9

B 6 MRS ERRILE

Fig. 6 Fertilization uniformity test
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