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Design and Experiment of Powder Organic Fertilizer Drilling
Fertilizer Distributor

ZHAO Shuhong ZHANG Xin YUAN Yiwen HOU Leitao YANG Yueqian
(College of Engineering, Northeast Agricultural University, Harbin 150030, China)

Abstract; Aiming at the problems of high humidity, poor fluidity, and difficulty in applying powder
organic fertilizer, a powder organic fertilizer discharging device was designed. The device was mainly
composed of a fertilizer box, a fertilizer discharging wheel, an anti-free-flow baffle and a fertilizer
discharging shaft. In order to improve the applicability of the fertilizer distributor, the powder organic
fertilizer with different moisture content ((28 +1)% , (32 £1)% , (36 +1)% ) was used as the
research object to design the fertilizer distributor. The mechanical analysis of the organic fertilizer during
the driving process of the fertilizer discharging wheel was carried out, and the wheel was designed into a
cycloidal shape. In order to prevent the organic fertilizer from passing through the fertilizer outlet directly
on the bottom of the fertilizer tank to produce self-flow phenomenon, and break the agglomerated organic
fertilizer, an anti-free-flow baffle was designed. Taking the number of fertilizer discharging finger and the
width of the fertilizer outlet as the experimental factors, and coefficient of variation of fertilization stability
as the performance index, the quadratic orthogonal rotation combination experiment was carried out to
establish the discrete element simulation model of the fertilizer distribution. The fertilization stability was
the best when the number of fertilizer discharging finger was 6 and the width of the fertilizer outlet was
36.36 mm. The performance test of the designed fertilizer distribution was carried out with the cutting
down rate, coefficient of variation of fertilization consistency of each row, coefficient of variation of
fertilization stability and coefficient of variation of fertilization uniformity as the evaluation index. It was
showed that when the designed fertilizer distribution applied the organic fertilizer with different moisture
contents at a speed of 5 ~ 8 km/h, each performance index was within the specified range, and the
working performance was stable, which can meet the technical requirements.
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Tab.1 Organic fertilizer particle size distribution

A%/ mm 0~0.25 0.25~0.45 0.45~1 1~2 2~3
R/ g 27.28 113.45 75.28  62.44  21.89
A3/ % 9.10 37. 81 25.09  20.70 7.30
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Fig. 1  Determination of natural angle of repose
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Tab.2 Poisson’s ratio of organic fertilizer

v

with different water contents

IKE/ % PSR/ (°) TR L
28 +1 39.10 0.27
321 34.57 0. 30
361 32.01 0.32
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Fig.2 Elastic modulus measurement
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Tab.3 Elastic modulus of organic fertilizer

with different moisture contents

FIKAS % VLR B/ MPa By Y it/ MPa
28 +1 2.21 0. 87
321 3.37 1.30
36 1 3.60 1.36
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Fig.5 Analysis of force on inner side of fertilizer finger
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Fig.6 Cycloid parameter equation solving
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Tab.4 Simulation experiment parameters

ZH HAE
A HLIEIR L 0.27
A HLAE 55 VIR &/ MPa 0. 87
HHLIE R EE/ (kgem ) 780
AU R E R AL 0.45
A HLAE 8] 2 BE 45 R 4 0.13
e A B V) B it/ MPa 7.9 x 10*
Wkt AR/ (kgom ™) 7 865
Pkt JEFIAAS L 0.3
AL S5 R E RE 0.35
A ALIE 55 3 e 0 A i R 4 R4 0.51
AHHLE 5 5 AT A 3h 152 8 4L 0.05
JKR £ Hifig/(Jom ™) 0. 18
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Fig.9 Process of simulation experiment
3.2 U ELERSH
15 EA AL T 56 A 53 HE R+ FORHEAE 7158 B X HE
JEPE RE A9 52 W), LAHERCAS € P 728 5 R BN IS 5 45
HERC AR 2 P2 S BB A Jr ik WScwk[16 ], SR
TR UK R OE e R A Al a5 R
TR 5 B (HENEH 20CH 18 8 5 19 UMD | 50 45
BN 6 s,
I ] Design-Expert 8. 0. 6 {4 it 47 £ 4fs b 22,
13 3 2% PR X Ra e PR S R Y WY IR 7 7y
Y =66.49 —1.49x, —12.78x, +
0.04x,x, +0.02x; +0. 984> (17)
B3R 7 AT AL, R 2R DR 2R ) Y 28 VR R AR E

6.55%x10~7



104 &l #Hl

Moo= 20224

x5 HBEEEHD

Tab.5 Coding of experiment factors

X %

Yt - ”
HEAE 7 58 B x, /mm HEAEH8 5L x, /4>

1.414 40. 00 8

1 37.07 7

0 30. 00 6

-1 22.93 5
-1.414 20. 00 4

x6 RBARSER

Tab.6 Schemes and results of experiment

HEAL 115 HENE 45 %% R PEAE S
Xl o)
x/mm 0/ RV %
1 22.93 5 6.93
2 37.07 5 3.35
3 22.93 7 7.02
4 37.07 7 4.75
5 20. 00 6 6.82
6 40. 00 6 2. 60
7 30. 00 4 5.75
8 30. 00 8 6.29
9 30. 00 6 3.38
10 30. 00 6 2.08
11 30. 00 6 2.76
12 30. 00 6 2.86
13 30. 00 6 3.13

PEAS St 2R BB WA 0 32 R F A 0, s ox) v, a .
TR PN BRI AR 3 (P <0.01) , 3R B % 0 A ] AR
G AR 2 ) OC R R BRI 25 R A
N4 94% [ — M F A AR i 25 R BAR,
R T 4 8 R Ay, DA R LA B T Sk . 2R
I P =0.634 6, K &g %, UF B AS 4778 HoAth 52 mi 8 56
PR EEHREK,

RT BEUTRRABAESN
Tab.7 Variance analysis of variation coefficient

of stability

P 3/ ForM AWME B F I
Al 38.21 5 7.64  153.86 <0.0001**
% 17. 46 1 17.46  351.50  <0.0001**
% 0.63 1 0. 63 12.78  0.0090 *
X, %, 0.43 1 0.43 8. 64 0.0217"
x 5.40 1 5.40  108.68 <0.0001**
x5 16. 41 1 16.41  330.39 <0.0001*
B % 0.35 7 0. 050

Je P2z 0.11 3 0.037  0.63 0.6346
gl % 0.24 4 0. 059

J=¥ill 38.56 12

T wx FRMALE (P <0.01) 5+ KR i3 (0.01<P <0.05),

i 3k T 22 53 AT AR e, A oo, o S RSE R 2 A
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Fig. 10 Response surface
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Tab.8 Variation coefficient of fertilization stability at

different water contents

KRS % R MR S R MY/ %
28 +1 1.96
321 2.18
36 =1 2.74
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Fig. 11 Equipment installation diagram
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Fig. 12 Fertilizer performance tests
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Tab.9 Experimental results of variation coefficient of

X

n,

fertilization consistence %
R/ oy &L
(km+h™") 28 £1 32 £1 36 +1
5 3.46 4.63 7.98
6 3.92 5.13 8.35
7 4.33 5.30 8.81
8 4.97 6.25 9.22
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Tab.10 Experimental results of variation coefficient of

fertilization stability %
o3 4 TR %
(km-h~") 28 +1 32 +1 36 +1
5 0.72 1. 14 3.67
6 1.16 1.88 4.24
7 1.29 1.91 4.96
8 1.98 2.36 5.38
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Tab.11 Experimental results of variation coefficient of

fertilization uniformity %
s TKE %
(km-h™") 28 +1 321 36 +1
5 4.57 9.55 17.93
6 5.13 9.73 18.31
7 5.91 12. 42 20. 84
8 6.44 16. 20 23.27
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