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1. Engine 2. Fertilizer bin 3. Level monitoring device 4. Fertilizer device
5. Stepper motor 6. Driver 7. Circuit control module 8. Chassis 9. Driven wheel
10. Opener 11. Driving wheel
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Fig.1 Structure principle diagram of device
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Table 1 Main technical indicators and technical parameters
i BRI 2%
it H A
. Technical indicators and
Project

parameters

HMERSE (KexBE @)
Dimensions (lengthxwidthxheight)/
(mmx mm xmm)

1 200x800x1 000

FEHLF H Machine weight/ kg 150
II¥E Power/ W <1 000
R R FE S Alarm distance/ mm <150
AEALHH 728 & Fertilizer tank capacity/ kg <50
Jifi At 77 2% Fertilization method ORI e
Jiti 4T 20 Number of fertilization lines 1
Jiti I & Amount of fertilizer/(kg-hm ) 200~600
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Fig.2 Control structure of the fertilizer machine

2 TR S SR

2.1 HRREMRITSSHIE

Jit L 28 B 2 5 R S8 mox HE R RS i U S
B BT RN

1) FT et At A 26 B R % PRAIEAE AN [R] £ b B2 T e
BHEW ) LR, MIEERE; FRRANTME. Hlas
IR E e Wil A TR

2) Al BB E A, BEREE T AN R
REAAK AN R 5T FRURORE IR A BL SR IR A o

3) et At A ke Bt N AR h BE s JR b IERHRTRL
IREEFR

WRAE L ik 2R, GRa i SR, R
KA T WA 3 ProsriE At E . 2t E
HIMEAL S MEHE . ALahih. BRISEH K.

1BERMAE 2. SRl 3. K 4. BRI 5. fEhi
1. Fertilizer bin 2. Set screw 3. Sheave 4. Brush 5. Transmission shaft
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Fig.3 2-D schematic of fertilizer device
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Note: D is diameter of the sheave; L is working length of the sheave; z is number
of slots; 7 is the groove radius; d is diameter of the shaft hole; m is diameter of the
nail screw hole.
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Fig.4 2-D schematic of sheave
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Fig.5 Circuit working principle diagram of fertilizer level
monitoring device
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B 6 ZRAANLGHFXRER

Fig.6 Principle diagram of diffuse photoelectric switch
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1. Photoelectric switch 2. Support plate 3. Fertilizer bin
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Note: a is length of the bin; b is width of the bin.
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Fig.7 Schematic diagram of installation location of photoelectric
switch
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i SolidWorks Simulation X %2 it il 300 N )& 34T H
BRIt e, SARBIHN B R B L 24
AEEfRE 8 AR

ME 8 FTLLEH, k%t 3] 300 N kA0, H
KB J129M 1.2x107 Pa, A 8 AR JE AR R
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Table 2  Specification of the beam

JE{E Attribute A Value

%} Material W R
i Weight/ kg 0.988 86

#4#7 Volume/ mm® 1.27x10°
kA5 Elastic modulus/Pa 2.1x10"

kA B Poisson’s ratio 0.28

PUBYAH & Shear modulus/Pa 7.9x10'"°
% ¥ Density/(kg-m™) 7.8x10°

3.998 26x10°
2.205 94x10°

7k 713 Tensile strength/Pa
Ji IR 5% Yield strength/Pa

MK R B Thermal expansion coefficient/K 1.3x10°
#F2 Thermal conductivity/(W-m™-K™) 43
EL#4 Specific heat/(J-kg™ - K™) 440
SRS
Equivalent stress/Pa

12 169 434.000
11 155 762.000

EJ1 !
Pressure Fe300 N 10 142 090.000

- 9128 418.000
- 8 114 747.000
- 7101 075.000
- 6 087 403.000
- 5073 731.000
- 4 060 059.000
- 3046 387.000
- 2032715250
a. v l 1019 043.313
a. Stress diagram 5371.359
%
Displacement/mm
1.004e-002

W
Pressure F=300 N :

- 7.532e-003

- 6.695¢-003

- - 5.858¢-003

- 5.021e-003

- 4.184e-003

- 3.348e-003

- 2.511e-003

- 1.674e-003

l 1.369e—003

1.000e—-003
TERY
Safety factor

4.107e+004

EH l 3.765e+004
Pressure F=300 N -3.423e+004
-3.081e+004
- 2.739e+004
- 2.396e+004
- 2.054e+004
- 1.712e+004
- 1.370e+004
- 1.028e+004
- 6.860e+003
3.439¢+003
1.813e+001

b. RS

b. Displacement diagram

c. BERE
c. Safety factor

B8 AR A RASATEM

Fig.8 Diagram of finite element analysis of beam
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Table 3  Specification of transmission axle

JEE Attribute HUH Value
#1 Kl Material 45 4
Jii & Weight/kg 0.686 553

A Volume/mm® 8.7459¢+004

F 1AL Elastic modulus/Pa 2.05¢+011
AL Poisson's ratio 0.29
YL & Shear modulus/Pa 8e+010
# ¥ Density/ (kg'm™) 7.85 e+003
5K S5 % Tensile strength/Pa 6.25e+008
JE RS Yield strength/Pa 5.3e+008
P 250 Thermal expansion coefficient/K 1.15e-005
#428 Thermal conductivity/(W-m™-K™") 49.8
e # Specific heat/ (J-kg™"-K™") 486
RN S
Equivalent stress/Pa
14 888 044.000
13 647 378.000

-12 406 711.000
- 11 166 044.000

-9 925 378.000

e L

N 7 5

Torque 7=3 N'1e ' 6203 378.000

3 -4962 711.500

-3 722 045.000

2 481 378.500

a. NSl l 1240 712.000

a. Stress diagram 45.557

fi#

Displacement/mm
1.436e-002
1.317e-002

- 1.197e-002

- 1.078e-002

- 9.584¢—003

- 8.390e-003
,,,,, 7.196e—003
- 6.002¢—003

- 4.808e—003

- 3.614e—003
i 2.420e-003

5
Torque 7=3 N'm
4

b. (IR R
b. Displacement diagram

1.226e-003
3.177e-005

TERE
Safetv factor

4.842e+006
! 4.439e+006
4.035¢+006
- 3.632¢+006
- 3.228e+006
HI4E . 2.825¢+006
2 N 2.421e+006
Torque 7=3 N'm_ 20185006
- 1.614e+006
- 1.211e+006
- 8.070e+005
4.035e+005
1.482e+001

c. R
c. Safety factor

B9 shiheyH RANT B R

Fig.9 Diagram of finite element analysis of transmission axle
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Fig.10 Physics model of urea particle
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Fig.11 3-D model of fertilizer device
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Fig.12 Simulation results of fertilizer device at speed of 10 r/min
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FOIETHCT o3 B EAT HENEAS BERSG, ph il R4 10 41
B, BARES 3 KECPME, R4 R R 4
o MEAHHEFTLUE H, WIS 3 H R &Ll S
HRE MR KIRZERN 2.42%, /T 3%, XUEHHFTEH
it JIEL 3 A A () ) 2 el A7 T DAk B0 v AR AR B
AT DASE AR B i AL ) o

3\
’
2 @

LoBRbEL 2. 15 3. IERHE 4. JREBRL 5. BRI 6. [HE MW
1. Stepper motor 2. Sheave 3. Fertilizer bin 4. Urea particles 5. Brush 6. Angle iron
B 13 HeRXBREE

Fig.13 Device of fertilizing experiment

F4 HRREIEESEAREX
Table 4 Comparison between theoretical value and
actual value of fertilization

L LMY IE] SEFRME Actual value/g KR
Rotation Theoretical . . ; — Maximum
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Design and simulation of automatic fertilizing machine for greenhouse

Fu Zetian®%®, Dong Yuhong'?®, Zhang Lingxian®**, Yang Han?, Wang Jiegiong™?®, Li Xinxing®>**

(1. College of Engineering, China Agricultural University, Beijing 100083, China; 2. College of Information and Electrical Engineering,
China Agricultural University, Beijing 100083, China; 3. Beijing Laboratory of Food Quality and Safety, Beijing 100083, China;
4. Key Laboratory of Agricultural Informationization Standardization (Beijing), Ministry of Agriculture, 100083, China)

Abstract: As a large agricultural country, there are still more than 40% of people in China engaging in agricultural
production activities. In recent years, the soil erosion and desertification have been in serious state, and the arable land
has decreased year by year, which means that it is very necessary to develop agricultural technology to improve crop
yield per unit area. Therefore, in recent years, China has vigorously developed agricultural greenhouse cultivation which
has characteristics of high input, high technology and high yield. Agricultural greenhouse cultivation is an important part
of China’s agricultural production. In 2014, the area of greenhouse in China was up to 4.109 million hm®. With the
promotion of precision agriculture, the technology of modern agricultural greenhouse cultivation is developing towards
precision. Precision fertilization is one of the important parts of precision agriculture operation system. Due to that the
structure of modern agricultural greenhouse is closed, and the planting area is limited in China, the large agricultural
machinery cannot be applied to greenhouse operations, leading to that the mechanization level in greenhouse production
is lower than other developed countries in the world. At present, the fertilization in greenhouse in China is still mainly
relying on manpower. Because of the increasing labor cost and decreasing yield in greenhouse production, the profits of
greenhouse is reduced. In the pursuit of more profit, people’s requirements of precision fertilization in greenhouse are
increasingly urgent. This paper mainly introduced a small, precise and practical fertilizing machine. This machine was
mainly used in greenhouse and it was intelligent and automatic. The fertilization machine used ARM9 S3C2440
microprocessor as the core of circuit control module. It was equipped with a fertilizer level monitoring alarm device, and
would alarm automatically when the fertilizer level was less than 15 cm, so that the staff could add fertilizer in time. The
machine used the Geneva mechanism as fertilizer metering mechanism. By controlling the pulse frequency of the
stepping motor, the amount of fertilization could be controlled so as to achieve quantitative precision fertilization. The
three-dimensional model of the fertilization machine was built by the SolidWorks. The intensity check was performed for
its main parts of the force with simulation. All those verified that the structure could meet the requirements of hardness
and intensity. The fertilization effect was simulated by the EDEM (enhanced discrete element method), a general CAE
(computer-aided engineering) software applied to the discrete element method. In the simulation, the speed of the sheave
was set to 10 r/min, the output time step was 0.05 s, and the total simulation time was 5 s. It was found that there weren’t
flying particles during the process of simulation, which showed that the selected rotational speed of the sheave and the
parameter of the simulation time step were reasonable. The sheave grooves in the process of simulation were almost
filled with the fertilizer particles, which proved that the device could get a good effect of fertilization and the parameter
of the sheave was reasonable. The brush structure in the fertilization device could effectively get rid of the extra fertilizer
particles and supplement fertilizer particles for other incompletely filled groove in order to make sure every groove could
discharge a certain amount of fertilizer. The simulation results showed that the fertilization device could discharge the
fertilizer particles evenly, stably and continuously. By properly controlling the rotation speed of the drive shaft, the
fertilization machine could achieve the goal of precise fertilization. The results show that maximum error of fertilizer test
actual value and the theoretical value is 2.42%, less than 3% under four kinds rotational speed (5, 10, 15, 20 r/min).
Therefore, the machine designed in this paper could greatly improve the automation level for greenhouse production and
reduce the labor intensity of fertilization in greenhouse. It has broad applicability and popularity in our facility
greenhouse production.

Keywords: agricultural machinery; design; control equipment; precision fertilization; automatic fertilizing machine



