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Design and Experiment of Corn Layer Fertilization Device with
Fertilizer Flow Reconstruction Based on Discrete Element Method

WANG Shoujiang'”>  YAN Bingxin® LI Liwei’ DONG Jianjun® WU Guangwei'”’
(1. Mechanical and Electronic Engineering Institute, Xinjiang Agricultural University, Urumqi 830052, China
2. Intelligent Equipment Research Center, Beijing Academy of Agriculture and Forestry Sciences, Beijing 100097, China)

Abstract; To enhance the accuracy of proportional fertilizer distribution for corn layered fertilization and
the stability of soil coverage between layers, a layered fertilizer flow reconstruction apparatus was
developed. The optimal diameter of the circular bulk fertilizer disc was determined to be 20 mm by using
the discrete element method. Subsequently, a comparative test was carried out between fertilizer flow
reconstruction and non-reconstruction. The results demonstrated that after fertilizer flow reconstruction,
the operational efficiency was improved, and the stability of both 7:3 and 8: 2 ratio fertilizers was
enhanced. By conducting kinematic analysis of ditching for layered fertilization, it was established that
the trencher’s angle, the lateral distance of the shallow fertilizer opening, and the machine’s operating
speed were key factors influencing the efficacy of layered fertilization. A regression model was formulated
to correlate the variation coefficient of each factor with the depth of deep and shallow fertilizers. The
impact of the interaction of each factor on the test index was then analyzed by using the response surface
method. By using the multi-objective optimization design method, the optimum operation parameter
insertion angle of the layered fertilizer applicator was 39°, the transverse spacing was 174 mm, and the
operation speed was 4.3 km/h. Based on the optimized parameters, the layered fertilization device was
manufactured, and field tests were conducted. The results revealed that the variation coefficient of deep
fertilizer depth was 4.78% , while that of shallow fertilizer was 6.41% . The stratified fertilization
operation exhibited stability and reliability. The research result can offer a theoretical and methodological
foundation for the design of layered fertilization devices.
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Fig.4 Force analysis of layer fertilizing trencher
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Tab.2 Result of simulation test with ratio of 7:3

HOI A2 HEAC 4% 4/ (romin ™)
#/mm 30 40 50 60 70 80 90
15 2,70 2.63 2.65 2.57 2.54 2.51 2.49
20 2.40 2.39 2.35 2,30 2,29 232 232
25 2.50 2.60 2.50 2.32 2,29 233 2.3l
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Fig. 18 Physical pictures
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Fig.20 Change curves of fertilizer ratio in fertilizer flow reconstruction
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Fig.23  Layered fertilization trenching device

at different soil entry angles
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Fig.24  Fertilizer diversion devices at different
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Field experiment

mk 3 Frow, kg N R ST, b A+
1 1) B R D R X I A A PR 2R A (4
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IEASIR I, U0 T8 b Ry VR 2 MO R A 5 R Y Rk
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Tab.3 Encoding for experimental factors

3
oyl e o 1o B I 2 2
x,/(°) x,/mm x3/<km-h’1)
-1 30 140 4
0 40 175 6
1 50 210 8

x4 KEARSER

Tab.4 Experimental design scheme and results

S

i T T T Y, /% Y,/ %
1 -1 -1 0 7.89 12.02
2 1 -1 0 13.79 8.29
3 -1 1 0 8.05 7.25
4 1 1 0 12.81 4.95
5 -1 0 -1 6.65 6.38
6 1 0 -1 8.29 8.06
7 -1 0 1 7.02 11.71
8 1 0 1 14.01 7.83
9 0 -1 -1 5.02 6.31
10 0 1 -1 4.92 8.36
11 0 -1 1 8.58 12.74
12 0 1 1 8.26 7.18
13 0 0 0 7.28 5.90
14 0 0 0 6.23 7.58
15 0 0 0 4.02 5.40
16 0 0 0 5.03 5.92
17 0 0 0 6.21 4.82

4.2.2 KA RS

FH Design-Expert #0451 46 4 (143856 25 SR i 17
a3 MG B IR B TR B AR S R4 Y, FvR )2
RS S 2B Y, 1) ] A

(1) )2 MR B AR S R 8500 35 v o i

TR )2 NE R BE AR S 2 500 7 22 F0 i 2 M 23 A
RSPoR, AR Y LGB IR E (P <
0.01), Ho X, X, X, 19 P{EI/NF 0,01, i B H
XTURJZ MR B AR S RS2 il e 25 X X, 1) P AE
/NTF0.05, 150 B A A AR FIAE b B A 3 B AR R TR
J2 RE TR B 1) AR S R KO I8 35 R s R ) R S (X, ) 1Y
PAEKT 0.05, v B A% ) M 2 YR B AC IR B AR 7 &R
BOBA R LB X, 19 P AE/NT 0. 05, 5 I H ) 352
REVR AR S5 RBOCH W52 . 38 3R 5 B0 4 T
MR ZIERE S R R R EERNEEA L
i1, Ul 38 B b 1 B B Y R AR IR R
FIEL T8 38 A5 S 2R K [l U )y Sy

Y, =5.75 +2.41X, —0. 16X, +1. 62X, —

0.29X,X, +1.34X,X, 0. 06X, X, +

3.59X° +1.29X; -0.35X (22)
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Tab.5 Model variance analysis
s WRIZNE R AR 5 R WENE IR B A 5 R
A ¥ e P P ¥ e F P

155 Y 138. 82 9 15. 62 0.000 8 84.07 9 7.50 0.007 3
X, 46.51 1 47. 11 0.000 2 8.47 1 6. 80 0.0350
X, 0.1922 1 0.1947 0.6724 16. 88 1 13.55 0.007 8
X5 21.09 1 21.36 0.002 4 13. 39 1 10.75 0.0135
X, X, 0.3249 1 0.3291 0.5842 0.5112 1 0.4105 0.542 1
X, X, 7.16 1 7.25 0.0310 7.73 1 6.21 0.0415
X, X5 0.0121 1 0.0123 0.9150 14. 48 1 11.63 0.0113
Xf 54.24 1 54.94 0.000 1 4.43 1 3.56 0.1013
X% 7.03 1 7.12 0.0321 5.84 1 4.69 0.067 0
X§ 0.5180 1 0.5247 0.492 4 10. 06 1 8.08 0.0250
Bk 2% 6.91 7 8.72 7

I U 0.6171 3 0.1307 0.9369 4.48 3 1.41 0.3628
2% 6.29 4 4.24 4

SN 145.73 16 92.79 16

(2) 1R 2B PR AR 5 R B0 M i

T2 B TR B AR 5 R B0 U7 25 R0 R 3 A A
FSFR, BIFBAR Y, Bl & B FH (P<
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Fig.26 Response surfaces of influence of interaction of test factors on test index
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Fig.27 Effect of layered fertilization operation
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