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Design and Experiment of Variable-rate Fertilizer Spreader with Centrifugal
Distribution Cover for Rice Paddy Surface Fertilization
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Abstract: As the requirement advances for improving the working efficiency of mechanized application
and the utilization rate of fertilizer, a variable-rate fertilizer spreader with centrifugal distribution cover for
rice paddy surface fertilization based on the spectral sensor ( Green Seeker'" ) was developed to
implement regional real-time variable-rate fertilization during rice growth period combining with the
agronomic characteristics of rice fertilizer and near-earth spectroscopy. Spectrum detection device,
decision-making and control system, variable-rate actuator and some other key techniques were designed,
feedback system based on core controller STM32F103 was set up, and target application rate was
responded united with expert fertilization strategy. Three-factor and three-level orthogonal performance
test was carried out with setting feed gate flow rate A, disc rotational speed B and machine ground speed
C as the influence factors, particle distribution coefficient of variation C, and relative error of application
rate y as the evaluation index. By the orthogonal test, it can be known that the importance order of the
factors which affected the C, was A, B and C, and that affected the y was B, A and C in the target
spreading swath width, the comprehensive choice optimum combination of working parameters was
A,B,C,, with ¢ =300 g/s, n =600 r/min, v, =1.2 m/s, and C, =13.82% , and y =9.54% , the
fertilizer spreader reached the best working performance. Field tests under optimum combination showed

that the average error of C, and y was 9.19% and 9.25% , respectively, compared with performance
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test. The performance of the developed variable-rate fertilizer spreader with centrifugal distribution cover

was perfect and satisfied the requirement of uniformity of fertilizer and accuracy of application, which

improved the performance of the centrifugal variable-rate fertilizer applicator, and it can provide certain

theoretical basis for the traditional empirical fertilization.

Key words:; variable-rate fertilization; double-disc; centrifugal type; spectral detection; spreading

performance
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Fig. 1 Structure diagram of centrifugal variable-rate

fertilizer spreader
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Tab.1 Technical parameters of fertilizer spreader

IMERSF(F x 58 x B )/(mm xmm xmm) 2300 x 1450 x 1200
HiH X SRR
BeE ) J1/kW =65

LA A & /L 1500

JHIE IR 55/ m =24

HEME S &/ (gos™") 100 ~ 500

[ 4 %5 9/ (r-min ~") 300 ~1 000
P/ (mes™h) 0.8~1.6

Jiti HE 5 =X 38 T
L kg 640

I3 458 e 1 LA S B AR OT A5 B, R ROR R G4 S0
Pl 4 (STM32 F R 4L ) G 3 28 Bk v gl B4 3] HE JIE
TFBE , A 2 1B A 9 552 I it A 5, 552 BRARDN T8 L L Y
IR R A T A it JES o

2 HBRELEMIZIT

2.1 HERE & 54t

HONE 58 485 AE Sy B0 SCHOIE AL B AZ O A A, 3
A HOIE & i A IE B A, A 2a fi s o AR
WOEHLZSF RS, Bt 0E B/ £ B 42 7 620 mm,
B R OIE A R0 T8, Bt 80 Sy 58 M o Y
0° ~10°; 1 FH % L A WUHEUIE M- A6 8, B 5t 180°, 5[]
X BRI e R (I R AR ) B T L T S M AT
P, R B — IR 6° ~ 2000 A R HESE
MO 15 & AR A o A, BT A IE BN AR TR B
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Fig.2 Structure diagrams of centrifugal disc and

fertilizer regulating device
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Fig.4 Picture of sampling test for spectrum data
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Tab.2 Relationship between sampling frequency and distribution uniformity coefficient and variation coefficient %

PR ES - SR

f/Hz ; AT Ao ML AR A B
C, 92.34 90. 86 93. 64 93.72 92.16 91.75 94. 26 91. 87 92.43
0-8 C, 15.75 16. 34 14.29 14.76 13. 64 15.07 10.75 12.43 14. 82
C, 91. 84 91.31 90. 67 92. 46 91.72 93.53 93.07 93.72 91. 67
1.2 C, 14.38 15.76 14.25 14.53 13.74 14.26 13.25 14.03 15. 07
C, 90. 48 91.52 90. 03 91.54 90. 96 91.03 92.41 91.72 92. 64
1.6 C, 14. 06 13.87 14. 35 13.27 12. 46 14.82 12.08 11.56 13.72
C, 89. 46 90.72 88.37 91.53 90. 46 91.72 92.48 90. 37 91.05
2.0 C, 11.52 12. 87 14. 69 12.75 13.09 12.91 10. 85 12. 06 11.75
C, 87.51 86.72 88.91 89.77 90. 35 89.71 90. 28 91. 06 89.43
24 C, 10. 84 12. 67 11.73 11. 64 12. 81 10.92 11. 89 10.75 14. 86
C, 89.72 85.49 84.61 89.78 86. 34 88.96 91.72 90. 41 86.75
28 C, 7.68 9.72 11.56 10. 48 12. 68 9.75 6.67 10. 81 9.76
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Fig.5 Block diagram of control system for variable-rate fertilizer spreader
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Tab.3 Factors and levels of orthogonal test

y HEAE i i g/ [ 4 % 2 n/ i JE 34 0, /
¥ (g's™h) (remin~") (m-s™")

1 150 400 0.8

2 300 600 1.2

3 450 800 1.6

4.3 HRBEEREHSW

FIRVEREIE SIS U SRS AR ANR 4 TR LA
B.C 5N q.n v, KFAH

12 4 Pl 22 2 A Al R, 3 T AN R B PR 45 A
EAIESENDRTAE 3 é o N P A i R T O 4 i
AR5 ZARL C AR, S C M R F 8 A B LC,
BB RAKFHGE N A B, C, UL o) A 22 5 2R 5L
CHiE R A RIERMIHE R, BEE R B 3 K
NNl SO N B2 o RN R PN
B PR R bR URUIE 3R 22 y ALJeis 52 y 19 K
R B ALC, BB IIKFHE A A,B,C, il
MEHR2E v BEE A B .C 2% N3 B9 3% R0 5 B ok
SUNEE NP EEZS

Jr T R IR S th C i Z 0 M vl LR
WF, > F,>F  RTHR A XA SR C 0 iR
NEF,WNRK B ERWKRZ, HE C MR/ (P<
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Tab.4 Results of orthogonal test

g5 I FFR AR R
A B C C,/% % y/%
1 1 1 1 17.73 14. 66
2 1 2 3 15.51 10. 83
3 1 3 2 12. 67 12. 47
4 2 1 2 15.19 10.78
5 2 2 1 16.72 8. 46
6 2 3 3 15.57 11.21
7 3 1 3 19.92 12. 54
8 3 2 2 18. 44 10.13
9 3 3 1 17.08 13.29
k, 15.30 17.61 17.18
R R C, ky, 15.83 16.89 15.43 B
ky 18.48 15.11 17.00
R 3.18 2.50 1.75
ky 12.65 12.66 12.14
ky, 10.15 9.81 11.13
HOEER% y B>A>C
ky 1199 12.32 11.52

2.50 2.85 1.01

R BXHUERIRE v T E, AR A
WZ R C /NP <0.05), 5250 Hr 4 )
— 3, LREW T FNIT 22 03 BT g A s AN [ 1Y
TN RS BB R LN RS AR C L5k
W, % WA B,C, H A Bk, €, =12.67%, y =
12.47% 5y L 5eHt 28 BXA, B, C, 41 & Fefll (R B A
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Fig.8 Picture of field validation test
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