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1. ¥ 5 VP6D B AL Yanmar VP6D rice transplanter; 2. 53 iR
& WAL Gasoline turbine fan; 3. S 4 6 Air piping; 4. JLAH Fertilizer
box; 5. BEHEN #§ Spiral fertilizer discharger; 6. BX 3} B HL Drive mo-
tor; 7. LA Fertilizer tube; 8. HF AL 572 4% Fertilizer drainage bracket ;
9. i & & % Negative pressure main piping; 10. JF % /K {8 #§ Open
water storage trencher; 11. FF ¥4 %8 4t 3¢ 2 Trenching system holder;
12. WU 1 K Rk B HEFI 2% Double chamber pneumatic rice pre-
cision seed device; 13. jifi I FF {4 & Fertilizer trencher; 14. #ia JF {4 45
Seed furrow opener; 15. HE JE 2 il & 4t Fertilizer discharge control
system; 16. 345 2§ Inverter; 17. & Hi it Battery.
Bl KFEEERTSNREE & EE
Fig.1 Structure diagram of synchronous side deep
fertilizer applicator for rice direct seeding
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Fig.2 Composition and working principle of fertilizer discharge monitoring system
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Fig.3 Block diagram of communication
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1. R 5 A% JE 4% Weighing sensors; 2. I % %6 #it Upper mounting
plate; 3. #4% Pads; 4. T %24 H% Lower mounting plate; 5. HEAC I <l-
Fertilizer funnel; 6. A%} Fertilizer; 7. AR 4f Fertilizer box; 8. 4% 5
Hinge.m, R HERCAE T4 , m, R BEAE NI RHTT i, o SA R O % TR 2
ZNVE R A S R e O LA T K I A,y AHEALAR %
LT ANXT T IK - HJe i o my is the mass of the fertilizer box, m is
the mass of fertilizer in the fertilizer box, a is the angle which is be-
tween line OA and the horizontal plane, A is the force action point on
weighing sensor and O is the rotary center, y is the angle between
the installation plane of the fertilizer box and the horizontal plane.

4 RENMHXAMRRERETIERE
Fig.4 Working principle diagram of hinge
lever weighing device

1. 8¢%% Hinges ; 2. HEAL A I ) Fertilizer drainage funnel; 3. %2348
#Z Upper mounting plate; 4. T %254z Lower mounting plate; 5. #44j
Pads; 6. FR T % 4% Weighing sensors.

B5 BEIFXHRREERE
Fig.5 Hinge lever weighing device
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x1 FARRRELBRFSH
Table 1 Parameters of parallel beam weighing sensor

feR AR SR

Sensor technical parameters R Value
ZiA R/ (%F.S) Comprehensive error 0.05
RESE/(mV/V) Sensitivity 1.0+0.1
A4t/ (%F.S) Nonlinear 0.05
R/ (Y%F.S) Repetitive 0.05
WG/ (Y%F.S) Hysteresis 0.05
%745 /(% F.S/3 min) Creep property 0.05
Z 5/ (%F.S/min) Zero drift 0.05
TR RS/ (%F.S/10 °C) Zero temperature drift 0.2
FE s IR RS /(% F.S/10 °C) Rated output
temperature drift =019
G/ (mV/V) Zero output +0.1
fir AHLBH/Q Input resistance 1000450
fir HH HLBH./Q Output resistance 1 000450
42 HLBH/MQ Dielectric resistance —2000

(100 VDC)

LA HE H/V Recommended excitation voltage 3~12
TAEHRE LR/ C Operating temperature range —10~+50

it #fE 1/ (%E.S) Overload capacity 150

¥ Note: (%F.S) Wil M T4 . (%F.S) is the percentage
of full scale.
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Fig.6  Monitor display interface
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Fig.8 Monitoring system calibration test site

x2 BS HEHRE@ASTER
Table 2 Static and dynamic calibration regression

analysis results

S I 5 A MHTT R
K Static regression R? Dynamic R
equation regression equation
&1
et y=0.4956x 0.999 7 y=0.5106z 0.999 8
No.1
#!EE\I 12
feas y=0.5090x 0.999 9 y=0.4986x 0.999 9
No.2
A3
ek y=0.5132x 0.999 9 y=0.4977x 0.999 9
No.3
eIkl 4
=0.5176x 0.999 8 =0.4985x 1
No.4 Y g Y !
IR S
%N %i y=0.4955x 0.999 9 y=0.4979x 1
0.f
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i T S AR 22 B KR 4.75 %, fe /R 313 %, 38
2 ] 25 AN 1.42% i AR K .
2.4 HBENRIEHR

R0 Hb SR A BT DU R A R A VEA
FRAE S, /DX ALY 217 m* SR =77 &
ARk, Kb N PO, KO i ey 18:10: 12, 4
e =40% il HARE R 30 kg/667 m*s B
KA AR I 6 kg 52 A A0, A3 58 A 14t A B
TR AR 1 ARG, R 3K, IR B Wi 9 r
IR EERIE 3R 3, W R G W R Ay
JIES 2 P A1 b 3% SRS 4530 R ST A 1 SR W ) 1 4%
JIEL A 0 A A A T . S P s T A R IR A 1A
55 R WS 25 B A PN S5 B el A% AR B 2 R % i A
THFRE R AR AR A WO 2R Go AR xR 22 48 1 2
WA 28 20 e 0 A R A i ML -5 S T e A A
M, Z 18] (A X2 25, A8 P T PP 0 28 6 (6

Pl

9 M RGHEIRK IS
Fig.9 Field test site of monitoring system
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x3 BNRFIEESHT
Table 3 Performance analysis of monitoring system
45 No. M,/g M,/g 0/ %
1 19932 20721 3.81
2 19 865 20 596 3.55
3 20012 21018 4.79

4 Note: M, Wil 22 5t W5 0 78 4% &4 AL 5 Monitoring system moni-
tors residual total fertilizer; M, SZFRil 5] 4% A I Actual measure-
ment of residual fertilizer; 6y, Wi I & 4t A XF % 2% Relative error of
monitoring system.
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Design and test of the monitoring system for the fertilizer
discharge of hinged lever type fertilizer box

ZHANG Guozhong,ZHAO Zhuangzhuang, LIU Haopeng, HAN Yuhang,ZHA Xiantao

College of Engineering/Ministry of Agriculture and Rural Affairs Key Laboratory of Agricultural
Equipment in Mid-1Lower Yangtze River, Huazhong Agricultural University, Wuhan 430070, China

Abstract Fertilizer application is an important part of rice production, which affects rice yield and
may cause environmental pollution, therefore, it is important to study the technology of precision variable
fertilizer application. The monitoring system for the discharge of a hinged lever type fertilizer box, which
can actively monitor the remaining fertilizer quantity of fertilizer box in real time, was designed on the self-
designed rice direct seeding synchronous side depth fertilizer application machine to realize the real-time
monitoring of the accuracy of fertilizer application. The monitoring system consists of a weighing device and
a multiplexed fertilizer discharge monitoring device. The weighing device consists of hinged lever frame, bal-
ance beam load cell, etc. The parallel beam load cell is used as the working element to carry the fertilizer
box installed above the hinged lever mechanism and the real-time fertilizer gravity inside the fertilizer box.
The multi-circuit fertilizer discharge monitoring part consists of the controller, fertilizer discharge monitor-
ing, data communication, monitor, etc.It collects the fertilizer discharge signals obtained from each load
cell and transmits them to the monitor interactive interface after processing, so that the operator can easily
view and configure the operational parameters of the fertilizer application system in real time. The results of
the field trial showed that the maximum relative error of monitoring was 4.79% and the minimum was
3.55%.The monitoring system is combined with the fertilizer discharge volume monitoring system based on
the rotation of the fertilizer discharge shaft, which can realize the real-time self-adjustment of the fertilizer
discharge volume of the fertilizer applicator.It will provide reference for the research of intelligent fertiliza-
tion technology and equipment.

Keywords direct seeding of rice; variable rate fertilization ; monitoring of fertilizer discharge ; intelli-

gent fertilization ; intelligent adjustment ; weighing mass sensor ; precision agriculture
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