2021412 A Z?ikmd‘iﬁ'—?ﬁ'ﬂi B2 E 12

doi;10.6041/j. issn. 1000-1298. 2021. 12. 009

ETHAEREHRBENHERALSIAE

AwA? Hom TEES A ZFME T4EY
(1. AL K2 T2, BRI 4300705 2. A ACKH B KL Rl L2 T 4092305, SRIL 430070)

FEE X IR A B O UHE AL 25 HE N RE TR 42T LA S 500 HENE P 8 52 1) AR AS BH ) B A G 310 F0 e A 4SS AU B
FEANTRA Y AL, 7 T UKL AU AEHE AL 25 P9 9328 SRS TR 5@ 3o R 43 BT i 2 1 IR 4 A4 (] 48 9 - 28 5 8 B i)
HERE 2R PERE ) E S S ECRYE . SR EDEM B HOTHT AR, FF R T LAIHERC 884 it 29 26 BOKTEB M 6 MR 72
WAy SO AR o IRE R R DL R e M S R AL €, A HEAL A TE HE AR — SR S R AL C, B
B AL B 1) S — 65 HIE L5 10 10 [ A T HE N i — S0P A 55 R I C o VB S i IO 4 s 19— WK 0 U3 I 38 e 2 21 45 10, 1z
Design-Expert 315387 T 25 SEOGHEAL HERE A 2 AL , 8 T HEAL 2% S L4510 S 8O KA 30. 4° a4z 1)
A 3. 2° HEREGHH 130 v/min, SHIIEATILALHENC R A HEAC ML, 36 FHEND 28 B S50 &, FF R HEIL 25 4E 100,
110,120,130 v/min BHEEAR & R PEBEI U050 , I 45 R R B HEAL S AT S R HEIE R0 1. 6 kg/min, HEAL B AR &
HERRBAKRT 3. 12% , SATHEE B ERRECAKRT 5.29% , FATHE 2 —BHELFREAKRT
2.05% , & 4atr i R AR R ER . HEHAI R HESHHE B R e R 5 RECR KT 4. 57% & ATHEAE £ — 3
PR RBAKT 6.98% | [FATHEAL & —B A 5 RECR KT 3. 56% , 1 RATALARAEZR . I WFFE Al S ilt— 2542
AR SR RE S HERE SR T HE I IE S % |

S, HEIR s B, S R
FESES ., S224.21 CERFRIRAD: A XEHS: 1000-1298(2021)12-0085-11 OSID. Haigs

Optimization and Test of Fertilizer Apparatus Based on
Granular Fertilizer Movement Model
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(1. College of Engineering, Huazhong Agricultural University, Wuhan 430070, China
2. Key Laboratory of Agricultural Equipment in Mid-lower Yangtze River, Ministry of Agriculture and Rural Affairs,
Wuhan 430070, China)

Abstract; China’s oilseed rape cultivation area is among the highest in the world, with about 6. 2 million
hectares planted year-round, and 85% concentrated in the Yangtze River Basin rice and oil rotation area,
providing an important guarantee for the safety of China’s edible oil supply. Precise and reasonable
fertilization is an important way to reduce agricultural production costs, improve the quality and safety of
agricultural products and reduce the pressure of environmental pollution. The Central Committee of the
Communist Party of China and the State Council pointed out that supporting oilseed rape production in the
Yangtze River Basin has presented new challenges and opportunities for chemical fertilizer reduction and
precision application during oilseed rape production. On the basis of the spiral disturbance cone
centrifugal fertilizer discharger designed in the previous stage, the problem of poor fertilizer discharge
performance of the spiral cone centrifugal fertilizer discharger, unclear influence law of each parameter on
fertilizer discharge performance and little research on related theories and analytical models was
addressed. A model of the movement of granular fertilizer in the fertilizer discharger was established and
the main structural parameters and ranges affecting the performance of the fertilizer discharger were

determined through theoretical analysis. The EDEM discrete element simulation software was used to
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carry out a quadratic regression orthogonal rotation combination test. In order to verify the performance of
the optimized fertilizer discharger, a fertilizer discharge calibration and performance verification test was
carried out based on the optimal combination of parameters of the fertilizer discharger. The test results
showed that the variation coefficient of stability of fertilizer discharge volume and the variation coefficient
of consistency of fertilizer discharge volume in each row was decreased, with the variation coefficient of
stability of the fertilizer discharge volume was no more than 3. 12% and the variation coefficient of the
consistency of fertilizer discharge volume in each row was no more than 5. 29% . The variation coefficient
of consistency of fertilizer discharge volume was decreased with the increase of speed of fertilizer
discharger, the difference between the rows was small, and variation coefficient of the consistency of
fertilizer discharge volume of the rows was no more than 2. 05% , indicating that the fertilizer discharger
was stable and met the requirements of fertilizer discharge quality. There was an obvious linear
relationship between the row fertilizer supply rate and the rotational speed of the fertilizer rower, which
provided theoretical support for variable fertilizer application at a later stage. Field tests showed that the
variation coefficient of the stability of fertilizer discharge volume was no more than 4. 57% , the variation
coefficient of the consistency of fertilizer discharge volume in each row was no more than 6. 98% and the
variation coefficient of the consistency of peer discharge volume was no more than 3. 56% , meeting the

requirements of the industry standard. The research result can provide a theoretical reference for
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improving the operational quality of fertilizer dischargers and design of fertilizer dischargers.

Key words: fertilizer apparatus; rapeseed; centrifugal; centralized metering device
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Fig. 1  Structural diagrams of fertilizer apparatus
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Fig.2  Structural diagram of fertilizer apparatus
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Fig.3  Schematic of forces on cone disc for granular

fertilizers
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Tab.5 Variance analysis of regression equation

P37 EM AHEE By F P
TRETR 19.21 9 2.13 150.44  <0.000 1 **
X, 0.058 1 0.058 4.07 0.083 3
X, 1.17 1 1.17 82.51  <0.0001*
X, 12. 00 1 12.00  846.27 <0.0001**
X, X, 0.13 1 0.13 9.39 0.0182"
XX, 0.06 1 0.06 4.23 0.078 7
X, X5 0. 82 1 0. 82 57.74  0.0001*
X3 2.50 1 2.50 176.55 <0.0001*
X3 2.07 1 2.07 145.96  <0.0001*
X3 0.28 1 0.28 19.87  0.0029*
k2% 0. 099 7 0.014

PR 0. 069 3 0.023 3.11 0.1509
R 0. 030 4 0. 007 45

powil] 19.31 16
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C,, =2.66+0.17X, -0.6X, +0.24X X, +
0.29X; -0.26X; (27)
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Tab.6 Variance analysis of regression equation

P37 EM AHEE B F P
i 3.92 9 0.44  106.78 <0.0001**
X, 0.003 6 1 0.0036  0.88 0.3782
X, 0.23 1 0.23 57.47  0.0001*
X, 2.83 1 2.83  693.80 <0.0001*
X, X, 0.24 1 0.24 58.82  0.0001*
XX, 0.004 2 1 0.0042  1.03 0.3429
X, X, 0. 002 1 0. 002 0. 50 0.5040
X3 0.34 1 0.34 83.78  <0.0001*
X3 0. 005 2 1 0.0052 1.26 0.2980
X3 0.29 1 0.29 71.07  <0.0001**
k2% 0.029 7 0.004 1
ES) 0.022 3 0.0073  4.44 0.0920
TR2E 0. 006 6 4 0.0017
oyl 3.95 16
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Fig. 6 Response surfaces of double parameters about performance indicators for fertilizer apparatus
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Fig.7 Performance test benches of fertilizer apparatus
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Tab.7 Analysis of fertilizing performance in field
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