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N Hy, MEERA ABS TR WTH Ri=40 mm,
R;=60 mm, R,=180 mm, Hy=60 mm.

LOEAE 2. fRIESE 3. mURRE 4 R s A 6. HLAE 7. EIEL
1. Fertilizer box 2. Fertilizer feed 3. Feeding hopper 4. Distributor
housing 5. Cone disk 6. Spreader framing 7. DC motor
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Fig.1 Structure of spreader device
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1. Circular cone 2. Cone disk 3. Rail

W Ry AMMAR W, mm; R HWAXSME, mm; R, AR,
mm;  Hy WA, mm; o HBEAEE, rads, T,

Note: Ry is internal diameter of feeding area, mm; R, is outer diameter, mm;
R, is radius of cone disk, mm; H, is height of cone disk, mm; e is angular
velocity of cone disk, rad/s; The same as bellow.
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Fig.2 Structure of cone disk
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1. Circular cone 2. Fertilizer particle

e r AR E e HUOBE R, mm: SRR, N FohEnod), N.
Note: r is distance from fertilizer particle to rotation axis, mm; fis friction
force, N; F'is centrifugal force, N.
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Fig.3 Horizontal stress analysis of fertilizer particle
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1. Cone disk 2. Fertilizer particle
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Note: Oxgyozo is static coordinate system; Oxyz is moving coordinate system;
O is coordinate origin; A is fertilizer particle, it mass is m, kg; G is the
gravity of the fertilizer granules, N; V; is the normal force of rotating disc to
fertilizer granules, N; N, is the normal force of guide to fertilizer granules,
N; F, is the tangential force of friction force between rotating disc inner
surface and fertilizer granules, N; F; is the tangential force of friction force
between guide surface and fertilizer granules, N.
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Fig.4 Stress analysis of fertilizer particle
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1. Cone disk 2. Fertilizer particle 3. Trajectory of fertilizer particle

VB Hy AR, mm; H OWHAEEH SE, mm; H O BEAEEE,

mm; S AR, mm.

Note: Hj is height of cone disk, mm; H, is height of cone disk above ground,
mm; / is maximum height of fertilizer particle, mm; S is distance a particle
travels from cone disk, mm.
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Fig.5 Trajectory of fertilizer particle
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Note: f, is feeding angle, (°); f, is spread angle, (°); V is forward speed, m/s;
L is spread width, mm; Rj is spread radius, mm.
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Fig.6 Schematic of fertilizer distribution
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a. Effect of feeding angle on fertilization lateral distribution
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b. Effect of feeding angle on fertilization longitudinal distribution
W MR EE Hi=75 cm, 3 1=600 r/min, HEIEEE 0=1.0 kg R4,
Note: Height of cone disk is 75 cm; Speed of cone disk is 600 r/min;
Quantity of fertilizer is 1.0 kg.
B 7 RN XIS R

Fig.7 Effect of feeding angle on fertilization distribution



%19 3

[ AR HEAE BRSO LA IR RE 2 # 55 X 37

4.2 JEROEEER X AL 5 7 B 200

W90 ORI S JE Hi=75em, MR N fA
Po=75°, HifEEE O=1.0kg A4, AR 2 N
400~700 r/min 224k, By 100 r/min.

x J7 1A AR E AT 2 i1 8a, AERHETR:
MAAL R G R AE-2.5~2.5 m X3RN . 48
B E n=400 r/min B, W I AERL TR 1) 86.7%4E
HE-1.6~1.8 m X1, A5 REH 32.9%, {EHA
it M DXtk P e M Y — Ok e 22 . B T A e S A 4
i, A RSO AR S8 AN R, 3440 B AR S R UK W
AN, AR BN . BB 2 600
F1 700 r/min B, WA 1 BERHRIOR 45 R X 38 7E-2.5~
2.5m, B8RS RZEO N 11.2%F1 13.8%, 1E
FEA it JIE X 355 pAY e S P — B0k R 4T

v J7 &S IR Z AT th 2 i 8b, BRI T
DX IR AR RS B A DL LL R I s, B B A T
T, AEFP X M 25N 1.06 m Z R 5) 3] 2.24 m,
A b Dk P e N B T D, AP DX R A )
BOLR, AR — Bt b i s .

50r
40 n " .
".':-{J . )
g 3of i .
5= j/’z.ﬂ-" i A
= 2 ? -
=8 ; T N\
D "é 201 ﬁ'// Speed/(rmin”) :
§ r ==400 =600
105 =500 -+-700

=]

5-21-16-12-07-02 02 07 12 16 2.1 25
xJi )
Lateral distribution/m
a. HOns Tt A ) 73 A7 PR 5% 90

a. Effect of speed on fertilization lateral distribution
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b. Effect of speed on fertilization longitudinal distribution
s MEMEREEHI=T5 cm, WEAAIB=T5°, HEALEEO=1.0 kgh2Z.
Note: Height of cone disk is 75 cm; Feeding angle is 75°; Quantity of
fertilizer is 1.0 kg.
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Fig.8 Effect of speed on fertilization distribution

w9 fror, MEAEEN 600 r/min AR 4L F|
800 r/min [, AERFRUREZE #5380 IR 1n) M 5 50 A

FUEE- AT, SRR N L P E A, M
Ira) e AL PR 28050 AR e R AR /IN T 15%, A R — 30
PERRAF,  DRT ot DA o it RS 5 () F S, RERL 90 A
28 1 A4 R S LS 38 =600 r/min k73 B4k, QI
R R T M PR TR T 600 t/min B, - ifi2k
PR FEAR R /N, LA TR e R MR,
H/NT 600 r/min B, & #h R AL REFEIR B &,

LI 2K
401

s
=

Critical speed/(r-min”)
==600
=650

L I A
Mass of fertilizer/g
8

>

(=]

5-21-16-1207402 02 07 12 16 21 25
xJi
Lateral distribution/m

H: HEREEH =75 cm, WEASOA=75°, Ml & EO=1.0 kg2,
Note: Height of cone disk is 75 cm; Feeding angle is 75°; Quantity of
fertilizer is 1.0 kg.
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Fig.9 Effect of critical speed on fertilization distribution
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b. Effect of height on fertilization longitudinal distribution
e Hid A=600 r/min, MENS pi=75°, MELE R 0=1.0 kg 45,
Note: Speed of cone disk is 600 r/min; Feeding angle is 75° Quantity of
fertilizer is 1.0 kg.
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Fig.10 Effect of height on fertilization distribution
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Working performance and experiment on granular fertilizer spreader
with cone disk

Dong Xianggian, Song Jiannong™, Zhang Junkui, Kang Xiaojun, Wang Jicheng
(College of Engineering, China Agricultural University, Beijing 100083, China)

Abstract: The fertilization in seedling stage is an important link in paddy production, which plays an important
role in ensuring the high yield of rice. The traditional way of fertilizing is manual fertilization of high labor
intensity. Granular fertilizers are the most common type of agricultural fertilizer, since they are easily produced,
transported, and applied. In order to be effective, however, granular fertilizers must be properly handled and
distributed. However, manual fertilization has several disadvantages, such as heavy labor intensity, poor
uniformity, and so on. The poor uniformity will easily lead to the uneven growth of rice in the same region, thus
impacting the rice yield. Therefore, in the process of rice production, mechanization of fertilization is badly in
need of solving these problems. A centrifugal distributor is a kind of fertilizer applicator used generally at present.
The principle is spreading out the fertilizer using centrifugal force by the output shaft driving the rotary distributor
disk. The distributor’s mechanism adopts a disc type. The configuration is divided into single disc and
opposed-double disc. The relative theoretical research is conducted on the assumption that the distributor plate is
not conical and the blade is particle. The theoretical research plays a key role in further optimizing the granular
fertilizer spreader. The traditional centrifugal fertilizing machine is used in order to make sure that the fertilizer
can be spread out smoothly from the disc. Usually 2 ~ 4 vanes are arranged on the disc. The shape of the blade
could be straight or curved. The blade installations should be radial type, forward type, and backward type. A
centrifugal spreader is currently widely used, and one of the most common granular fertilizer application devices
is the spinner spreader. The spinner spreader consists of a rotating disc with vanes bolted to the disc surface.
Fertilizer poured onto the spinner is thrown onto the ground after colliding with the rotating vanes. The chief
advantages of the spinner spreader are that it has a large spread width, combined with small size. The performance
of spinner spreaders has been widely investigated. These investigations have greatly increased our understanding
of how to model the dynamics of particles distributed by a spinner spreader. This paper analyzes the mechanism
performance of the cone disc spreader, and explores the motion and distribution characteristics of fertilizer in the
process of fertilization, to provide a theoretical basis for the design of a rice seedlings and fertilizer machine. This
study designed a cylindrical disk for the fertilization mechanism, composed by a disk body, guide rail, and the
boss. The swing plate body is like a rotating parabolic. The rail track is an involute spiral, with triangular sections.
The spreading process includes: fertilizer particles fall into the feed area under the impact of gravity; under the
rotating force, the fertilizer particles then quickly gain the initial velocity and do accelerated motion along the
involute spiral guide. The fertilizer particle has higher speed moving to the left edge of the disk and does a
projectile motion in the air until the fertilizer particle falls to the ground to complete the spreading process. For the
convenience of theoretical analysis, a single fertilizer particle is simplified into a rigid particle. The fertilizer
granules were analyzed during the movement. The rotating disk’s minimum speed can be determined. We
analyzed the movement after the rejection, such as the motion time, throwing distance, and width. Theoretically,
the fertilizer particles’ feeding angle is equal to the throw angle on the swing disc spreader. The experiment is
adopted to discuss the feeding area angle, the speed, and the impact of throwing disc height change on the rotating
fertilizer law. The main factors affecting the left disc spreader’s width are size and speed. The main factors
influencing the left disc spreader’s distance are the speed and height. The reasonable feeding angle is 75°, and the
reasonable speed is 600 r/min.

Key words: crops, fertilizer, mechanisms, rotary cone disk, spreader
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