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Design and Experiment of Conical-disc Push Plate Double-row
Fertilizer Apparatus for Side-deep Fertilization in Paddy Field

WANG Jinfeng FU Zuodong WENG Wuxiong WANG Zhentao WANG Jinwu YANG Dongze
(College of Engineering, Northeast Agricultural University, Harbin 150030, China)

Abstract; In order to improve the stability and uniformity of paddy field side deep fertilizing and
discharging apparatus, enhance the ability of fertilizer regulation, and ensure the efficiency and quality of
paddy field side deep fertilizing apparatus, a kind of conical-disc and push plate double-row fertilizer
apparatus was designed according to the agronomic requirements of paddy field fertilizing in Heilongjiang
Province. The working principle of the fertilizer apparatus was described, the mechanical models of
different stages of fertilizer were constructed, and the structural parameters and critical speed were
determined. The influence of the number of push plates on the fertilizer filling capacity and fertilizer
discharge performance was simulated and analyzed by using the discrete element software EDEM. It was
concluded that when the number of push plates was 8, the fertilizer discharge apparatus had the best
fertilizer discharge performance. The full factor test method was used to carry out the bench test of the
fertilizer discharge capacity and performance of the fertilizer apparatus under the condition that the
rotating speed of the conical-disc ranged from 15 r/min to 45 r/min and the opening of the fertilizer
discharge port ranged from 5 mm to 25 mm. The results showed that the range of fertilizer discharge was
122 ~934 kg/hm*, which had a high linear correlation with the rotating speed of conical-disc and the
opening of fertilizer discharge port, and had the highest correlation with the rotating speed of conical-
disc. The variation coefficients of consistency of double row fertilizer discharge, stability of total fertilizer
discharge and uniformity of fertilizer discharge ranged from 1.01% to 3.88% , 1.05% to 3.81% and
6.64% to 15.79% , respectively. The maximum variation coefficients of consistency of double row
fertilizer discharge under the inclined state of fertilizer apparatus was 6. 17% . The experimental results

met the requirements of paddy field side deep fertilization performance. The research result may provide a
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reference for the implementation of paddy field side deep fertilization technology and the design of disc

fertilizer apparatus.

Key words: push plate fertilizer apparatus; paddy; side deep fertilization
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Fig.8 Change curves of fertilizer discharge performance
under different numbers of push plates
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Fig.9 Fertilization system bench test
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Tab.2 Test factors and levels

K - - I,ﬂ? -
e x,/(remin ™) H & x,/mm
1 15 5
2 25 10
3 35 15
4 45 20
5 25
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Tab.3 Experimental design and results

EES EERN
x,/(remin~')  x,/mm /8 ¥,/ % v/ % ¥4/ %

5 36. 56 3.03 2.67 15.79
10 73. 88 2.23 2.28 13.82
15 15 118.55 1.03 2.19 9.92
20 163. 15 3.79 3.81 11.95
25 176. 15 2.31 3.52 9.73
5 55.98 1.34 2.32 13.27
10 115.96 2.51 2.17 11. 08
25 15 184.77 2.61 1.78 8.53
20 245.94 3.11 3.04 10. 81
25 277.42 1.82 2.85 7.45
5 66. 24 2.01 2.15 10. 36
10 156. 38 1.01 1.70 9.07
35 15 235.87 2.49 1.36 7.86
20 323.38 2.51 2.32 7.15
25 367.91 2.73 2.37 6. 64
5 72.57 3.88 3.07 11.95
10 185. 11 2.32 1.29 8.58
45 15 284.29 1.42 1.05 7.37
20 384.05 2.08 1.98 7.09
25 448.27 2.20 2.01 6.97
4.3.1 HRFAC & AR G
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Tab.4 Regression equation and determination coefficient
between fertilizer discharge and rotating speed at

different openings

IF i /mm Il )9 Jy 7 R
5 y, =1.5129x, +15.700 5 0.990 3
10 ¥y, =3.741 lx, +20.599 5 0.993 0
15 y, =5.483 2x, +41.3740 0.994 2
20 y, =6. 171 4x, +76.2380 0.9892
25 ¥, =9. 118 5x, +41.1325 0.999 2

1 4 518 10 Al g, HEAE 11 Ak A8 [F) O B2 HEE
i R 2 ] 2 R R R M OC &R HRAE B R
PR T T 46 o % 3 5 I A0 G e R E AR R
R B HEAE D FF i 3 A (A 52 L ke 3 50 BT HE I
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Tab.5 Regression equation and determination coefficient

between fertilizer discharge and opening at different speeds

3/ (romin ") I 1y R
15 y, =7.369 0x, +3.123 0 0.976 3
25 y; =11.457 2x, +4.156 0 0.986 6
35 ¥, =15.266 8x, +2.354 0 0.988 8
45 y; =18.726 8x, —=5.044 0 0.993 6
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Fig. 10  Relationship curves between fertilizer discharge

and rotational speed at different opening degrees
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Relationship curves between fertilizer discharge

Fig. 11

and opening at different rotational speeds
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Fig. 12 Variation curves of variation coefficients

of consistency of double row fertilizer discharge
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Tab.6 Test results of variation coefficients of consistency
of double row fertilizer discharge under inclined state of

fertilizer apparatus

x,/(remin ") x,/mm v,/ %
5 2.75

25 15 6.17

25 2.49

5 3.68

35 15 4.84

25 3.31

WFEF (P <0.01) , it 400G 15 2 5% 3R HEE
TFRE XS S HENE 1258 M2 S R B0 [l 3 5
¥, =2.9702 +0.009 61x, —0. 113 45x, +
0. 007 55x; —0. 002 97x,x, (17)
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y, =25.773 67 —0.513 41x, - 0. 857 42x, +
0. 005 425x; +0.014 736x, +0.005 19x,x,  (18)
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