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Design and Experiment of Electromagnetic Pulse-driven Rice
Side-deep Fertilizer Injection Device

Xia Junfang'?  Zhang Beihai' Zheng Kan'® Cheng Jian' Ni Yang' Chen Tianming'
(1. College of Engineering, Huazhong Agricultural University, Wuhan 430070, China
2. Key Laboratory of Agricultural Equipment in Mid-lower Yangtze River,
Ministry of Agriculture and Rural Affairs, Wuhan 430070, China)

Abstract: Aiming to meet the depth and depth stability requirements for synchronous rice direct seeding
with side-deep fertilization, an electromagnetic pulse-driven rice side-deep fertilizer injection device was
proposed based on precision point application of large granular fertilizer, incorporating agronomic
characteristics of rice cultivation. Through the electromagnetic energy conversion analysis in striker pin
mechanism and the kinematic analysis of fertilizer particles subjected to impact, combined with the
established penetration model, the structural parameters, including the length and radius of the moving
magnet, the length and radius of the fixed magnet, outer radius and length of the excitation coil were
identified as key influencing factors on the fertilizer injection depth. The feasible ranges of these
parameters and the minimum input power of the excitation coil were determined based on adsorption and
critical motion conditions of the striker pin mechanism. A transient simulation model of the fertilizer
injection device was developed in ANSYS Electronics, followed by conducting Plackett — Burman and
Box — Behnken simulation-based experiments. The quadratic regression model was subsequently
established to characterize the relationship between key structural parameters and fertilizer injection
depth. Based on this model, the optimal structural parameter combination was determined as follows:
moving magnet radius was 12. 5 mm, moving magnet length was 10 mm, fixed magnet radius was 10 mm,
and excitation coil length was 56 mm. Validation tests demonstrated that the maximum velocity deviation

between the striker pin mechanism’s impact speed and simulation values was 0. 34 m/s, while the relative
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error of fertilizer injection depth compared with penetration model theoretical values remained within

+7% . Performance evaluation of the fertilizer injection system revealed that the qualification rate of

injection depth reached 91. 01% ; mean depth values were distributed between 4. 48 cm and 5. 14 cm;

depth variation coefficients ranged from 7. 78% to 17. 61% . The electromagnetic pulse-driven rice side-

deep fertilizer injection device was demonstrated to exhibit satisfactory stability while meeting depth

requirements.

Key words: side-deep fertilization; rice; electromagnetic; pulse-driven
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Fig. 1 Structural assembly diagram of pulsed electromagnetic device for rice side-deep fertilization
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3.4 BEFHENNFZER
P 7 Rl A I s 7 AR v 4% 2 3 )

experiment
hes A= V/(m-s~') H/cm
Rp/mm [p/mm Rp,/mm [ /mm
1 8 10 12.5 60 3.1758 5.01
2 20 10 12.5 60 2.7995 4.72
3 8 20 12.5 60 3.9282 5.53
4 20 20 12.5 60 3.3824 5.16
5 14 15 10.0 40 3.3794 5.16
6 14 15 15.0 40 3.1227 4.97
7 14 15 10.0 80 3.5879 5.30
8 14 15 15.0 80 3.3342 5.12
9 8 15 12.5 40 3.4956 5.24
10 20 15 12.5 40 2.929 8 4.83
11 8 15 12.5 80 3.5808 5.30
12 20 15 12.5 80 3.168 0 5.00
13 14 10 10.0 60 3.2158 5.04
14 14 20 10.0 60 3.8157 5.45
15 14 10 15.0 60 2.900 0 4. 80
16 14 20 15.0 60 3.6285 5.33
17 8 15 10.0 60 3.6485 5.34
18 20 15 10.0 60 3.269 1 5.08
19 8 15 15.0 60 3.5091 5.25
20 20 15 15.0 60 2.9267 4.82
21 14 10 12.5 40 2.8970 4.80
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Fig. 10 Measurement of fertilizer injection velocity and depth
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Tab.8 Results of validation tests
205
1 2 3 4 5 6
SEMEEAF U/ (mes ™) 3.07 2.97 2.93 2.9 3.02 2.97
SEMAGHEEE/ (m-s™!)  5.37 5.11 5.24 5.03 5.17 4.95

2

PG AR IR B/ cm 4.63 4.52 4.58 4.49 4.55 4.46
S B HE IR BE / em 4.4 4.6 4.7 4.4 4.8 4.2
X R 22/ % 5.23 1.74 2.55 2.05 5.21 6.19

P12 SIS AR

Fig. 12 Performance test of fertilizer injection device
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Tab.9 Fertilizer injection depth measurement results

RIS AHEU/AS B/ em BRfEE/em BRER/ %

1 9 5.14 0. 40 7.78
2 7 4.75 0.73 15.37
3 8 4. 86 0. 80 16. 46
4 8 5.01 0.72 14.37
5 9 5.09 0.45 9.04
6 10 4.94 0.58 11.74
7 6 4.77 0.84 17.61
8 7 5.14 0.70 13.62
9 9 4. 82 0. 81 16. 80
10 8 4.48 0. 46 10. 27
5 %ig
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