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Influence of Control Sequence of Spiral Fluted Roller Fertilizer
Distributer on Fertilization Performance

ZHANG Jigin'? LIU Gang'® HU Hao'® HUANG Jiayun'’ LIU Yuanjie'’
(1. Key Laboratory of Modern Precision Agriculture System Integration Research, Ministry of Education,
China Agricultural University, Betjing 100083, China
2. School of Mechanical Engineering, Ningxia University, Yinchuan 750021, China
3. Key Laboratory of Agricultural Information Acquisition Technology, Ministry of Agriculture and Rural Affairs,
China Agricultural University , Beijing 100083, China)

Abstract. Application uniformity is an essential aspect of the performance of a variable-rate fertilization
(VRF) applicator. In order to study the relationship between fertilization uniformity and control sequence
such as active feed-roll length (L) and rotational speed of the drive shaft (n) for a spiral fluted-roll
fertilizer distributer for a bivariate fertilization applicator, the discrete element simulation model was
established and the fertilization uniformity was studied by conducting discrete element simulation tests via
the discrete element method ( DEM) software. Firstly, a calibration was conducted at different active-
feed roll length (L) and rotational speed of the drive shaft (n), and then the fertilization model was
formed by general regression neural network ( GRNN). To test model prediction accuracy, another 20
samples were utilized as test set, the validation result showed that the correlation coefficient ( R>) was up
to 0.999 4 and the mean relative error ( MRE) was 3.56% . In addition, three target fertilization,
including @, =1067. 37 g/min, Q, =2 323. 04 g/min, Q, =4 206. 56 g/min, were chosen according to the
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equal discharge curve of spiral fluted-roll fertilizer distributer and control index (L,n) at the same target
fertilization rate were found by differential evolution algorithm (DE) and formed GRNN model. Finally,
the fertilization simulation tests at different control indexes for three different target rates were conducted
via EDEM 2.8 software.

fertilization uniformity. The result showed that, at target rate of Q,, the minimized ¢ occurred at the

The coefficient of variation o was calculated as criteria to evaluate the

control index of (25 mm,17.78 r/min), which was 5.27% . At target rate of (), , the minimized o was
occurred at control index of (65 mm,17.12 r/min), which was 3.46% . At target rate of Q,, o was
below 4% at all control index. The minimized o occurred at control index of (65 mm,32.85 r/min) ,
which was 2.08% . In conclusion, at the small target fertilization rate, the selection of the control
sequence had a significant impact on fertilization performance. In fertilization, the opening length and
rotational speed boundaries should be avoided. At the large target fertilization rate, the selection of the
control sequence had little effect on the fertilization uniformity of spiral fluted-roll fertilizer distributer.

Key words: spiral fluted roller fertilizer distributer; bivariate; control sequence; GRNN; discrete
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Fig.4  Structure diagram for GRNN of discharge fertilizer rate
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fertilizer distributer at different control sequences

t2¢ 4 nT o, 2 H AR HEAE &4 1 067. 37 g/min
B, ZEFE I 51 2y (25 mm 17, 78 x/min ) 20 HEJE 34 5]
AR S RBUR /N, 5. 27 % |, BB HENE AR M Je 4
S P 5 (15 mm, 29.12 v/min) T, 0 K
64. 58% , I T BE A0 /IN e AR R A, WEL T A0 Al
AL PERR AL 22, T ECHE AL R PRI, 2 R HEAE

F4 EBFRHRETREES A HE L A
Tab.4 Fertilization performance at different control

sequences for the same target rate

H AR HEAE 5/ (g min =)

SRR 4% s ZEFE W 41 L =45 mm, n = 10. 88 r/min
T,0 N34.96% , B TR R, HE M, B

HENE 5 e Bk s W, HEAE RS E P 2= . b, fE 0,
H s HENE B, 42 i 3 51 6 5 00 HE IS 78 BE 19 52 i) 52
Ko

4 HARHEAL 5 2 2 323. 04 g/min I, B2 5E Pl
B8 HE AL RS E VBl A T R A 3 R e 1 s R
Fea ¥, HAE# HIF 5] L =65 mm,n =17.12 r/min
T Lo /N, k3. 46% | s HERE RS E M B ds

HHARHEL N Q, =4 206. 56 g/min [}, HEJE
WV 5 R o /N T 4% AR B A B0E
et , HFE® H F% L =65 mm,n =32. 85 r/min
T, /N, N 2.08% , HILTE Q, HirfFIE &, 4%
il 1 4] 28 4% HE S A 1 1 52 e A/

4 it

(1) 7 XUAZ 45t W2 e M e 1 IE o HE IE 25 & |k
A7 AR HERE 1VIF BE HEAE Gih 5 3 114 i R NIE 105
T T GRNN [ HEJIE 1 TR B2 L HEAE Bl 5 2 n
Sy A B FE i B ASE R 5 3 BOR 2 I 25 9 20
AFEAAE D AR AR AT IR . A5 R R A
TP E R BE 0. 999 4 F- B MR R 220 3. 56%

Ry 1067.37  2323.04  4206.56 (2) WEFE T B S Al e R AE 25 A9 42 i 1 571 A [
L/mm 15 25 45 TFBE | 7R 415 ok HE IS P BE Y 52 me R A,
Vi S EDEM #c (4 H £ T 8 HE FE 25 HE I BERL, O 3047 T
/% : 7.57 7 - o
P > > - [ri) — H AR AE R, AN )4 1 7 51 B R E fy B0
n/(r-min~") 17.78 29. 28 38.51 A5 R, Y H br it I8 1 BN, AN FF B R B
/% 5.27 5.54 2.79 A G B4R 9 FEAE M RE A 22, HERE AR S MBI 5
L/mm 35 45 65 RIFBE /N 20 A i 42 Py ) Bk sh v 2 2, HERE AR
n/ (r-min 1) 13-05 >3 3285 SEPEW AR . H bR AT BRI, 45 i e 5 i 4 X
Z - ' v 1 AR A 03 60 /1, 1 12
n/(r~min~") 10. 88 21.39 31.20 BAT B W IR AR E 1
/% 34.96 6.87 2.14 (3) XUAZ 2 R e SP MY 48 HE L &% 19 42 1 5 21 2k
L/mm 65 F 0/ B bR S 50 S TE IR AT S 4 e
n/(remin ") 17.12 I, S g G O RE e R 0 B A OO R R 4
/% 3. 46 L

2 £ x W
[1] BRI, EEE, EF,% HERIHEARKARWIIEERSREL]. Rb LR¥%MR, 2003,19(4) : 7 - 12.

ZHAO Chunjiang, XUE Xuzhang, WANG Xiu, et al. Advanced and prospects of precision agriculture technology system/[ J].
Transactions of the CSAE, 2003,19(4) . 7 —12. (in Chinese)

BALAFOUTIS A, BECK B, FOUNTAS S, et al. Precision agriculture technologies positively contributing to GHG emissions
mitigation, farm productivity and economics[ Z]. Basel;: MDPI AG, 2017: 9, 1339.
COLACO A F, MOLIN J P. Variable rate fertilization in citrus: a long term study[J].
169 - 191.

JEN S, BRI /N, 45 A 22N ME AR B A AE ALHEAE PR RE e A Sk IR [ J/OL]. RO ALMA 4, 2017, 48(7) : 97 - 103.
SHI Yinyan, CHEN Man, WANG Xiaochan, et al. Analysis and experiment of fertilizing performance for precision fertilizer
applicator in rice and wheat fields[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2017, 48(7) . 97 -
103. http: // www. j-csam. org/jcsam/ch/reader/view_abstract. aspx? file_no =20170712&flag = 1. DOI:10. 6041/j. issn. 1000-

Precision Agriculture, 2017, 18(2) .



144

& BLOW o R 20204

(5]

(6]

[7]

[8]

[9]

(18]
[19]

(20]

(21]

[22]

[23]

[24]

1298.2017.07.012. (in Chinese)
FRDUBR. WA R 4 R SR BT SIIRBTSE [ D] KPR B I\ — R B R, 2017.
ZHANG Hanlin. Design and test of a electronic variate-rate fertilization control system [ D |. Daqing: Heilongjiang Bayi
Agricultural University, 2017. (in Chinese)
XIFHAE 5/ AR 4. —F A i il AR FOR B SE B R B AR [T]. A HLE R, 2010, 41(9) @ 159 - 162.
LIU Yangchun, ZHANG Xiaochao, WEI Liguo, et al. Design and experiment of a variable rate fertilization control system[ J].
Transactions of the Chinese Society for Agricultural Machinery, 2010, 41(9): 159 - 162. (in Chinese)
PRSP B, d i, 5F . JET CAN B iy 8 fb b AR 4 BT [T ] AL ALAAE R, 2008, 39(8) : 101 —104.
CHEN Liping, HUANG Wengian, MENG Zhijun, et al. Design of variable rate fertilization controller based on CAN bus[ J].
Transactions of the Chinese Society for Agricultural Machinery, 2008, 39(8) : 101 - 104. (in Chinese)
SEHE XM, ol B2 A SETHEC I R LA UL s AR S ORAE [T ] Al BU 4R, 2011, 42(H5 7)) « 184 - 189.
YUAN Jin, LIU Chengliang, GU Yuxue, et al. Bivariate fertilization control sequence optimization based on relevance vector
machine[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2011, 42(Supp. ) : 184 — 189. (iin Chinese)
KB R B, XA, 5. BE T ARM R DSP Y 0038 it it AR 2 ) R g it SR8 [T]. Al HUB 4R, 2010, 41 (34 7)) .
233 -238.
LIU Chengliang, YUAN Jin, LIU Jianzheng, et al. ARM and DSP-based bivariable fertilizing control system design and
implementation[ J ]. Transactions of the Chinese Society for Agricultural Machinery, 2010, 41 ( Supp.): 233 - 238. (in
Chinese)
i TR ERM AR B AT R SR BT (D], AL P E R R R4, 2016.
SU Ning. Variable-rate fertilization control technology research in precision agriculture [ D]. Hefei: University of Science and
Technology of China, 2016. (in Chinese)
ALAMEEN A, AL-GAADI K A, TOLA E. Development and performance evaluation of a control system for variable rate
granular fertilizer application[ J]. Computers and Electronics in Agriculture, 2019, 160 31 - 39.
SU N, XU T, SONG L, et al. Variable rate fertilization system with adjustable active feed-roll length[ J]. International Journal
of Agricultural and Biological Engineering, 2015, 8(4) . 19 - 26.
BOIR, E 4R N 5. MEREEIER R ot SiRm 1], RHUEPESE, 2019, 50(8): 72 -79.
QI Wuzhen, WANG Jinxing, LIU Shuangxi, et al. Design and experiment of control system for rice and wheat variable rate
fertilizer applicator[ J]. Journal of Agricultural Mechanization Research, 2019, 50(8) : 72 —=79. (in Chinese)
BORTR . B REREE /A ILE R EE RGBT SPR D], 2 LR KL R, 2018,
QI Wuzhen. Design and experiment of control system for smart rice and wheat variable rate fertilizer applicator[ D ]. Taian:
Shandong Agricultural University, 2018. (in Chinese)
YUAN J, LIU C, LI Y, et al. Gaussian processes based bivariate control parameters optimization of variable-rate granular
fertilizer applicator[ J]. Computers and Electronics in Agriculture, 2010, 70(1) : 33 —41.
Wit , HEED 58, /N T, 45 A/ XU H i RE# i SR 52 [ ] VLo Rl BL2F, 2018, 46(11) : 58 - 62.
CHEN Man, SHI Yinyan, WANG Xiaochan, et al. Control strategy research of a winter wheat bivariate fertilization applicator
[J]. Jiangsu Agricultural Sciences, 2018, 46(11): 58 - 62. (iin Chinese)
LA, WL, E AR, A XU i HERE R e FE AL PERE A AT S I IR AT A [ T]. RALILTFSY, 2020, 42(6) : 104 - 110.
ZHAO Xueguan, HE Yakai, WANG Songlin, et al. Fertilization filling performance analysis and experimental study of
bivariate fertilizer drainage system [ J]. Journal of Agricultural Mechanization Research, 2020, 42 (6). 104 - 110. (in
Chinese)
YIP H, FAN H, CHIANG Y. Predicting the maintenance cost of construction equipment; comparison between general
regression neural network and Box-Jenkins time series models[ J]. Automation in Construction, 2014, 38 30 - 38.
HUANG Y W, CHEN M Q, LI'Y, et al. Modeling of chemical exergy of agricultural biomass using improved general regression
neural network[ J]. Energy,2016, 114 1164 —1175.
BEE RS, ERAE, 4. £ T EDEM IR U HEAC 48 HEAC PEREAT 5 [T]. RALALWT5E, 2020, 42(6) : 87 -95.
XUE Zhong, ZHAO Liang, WANG Fenghua, et al. Study on the performance of spiral fertilizer distributor based on EDEM
[J]. Journal of Agricultural Mechanization Research, 2020, 42(6) : 87 —95. (in Chinese)
BUE R, 6 BRL 55 MRS S B R R s HE N S HEAE e Re s [T ] Al TR %4, 2018, 34(18) .
12 -20.
ZHU Qingzhen, WU Guangwei, CHEN Liping, et al. Influences of structure parameters of straight flute wheel on fertilizing
performance of fertilizer apparatus[ J]. Transactions of the CSAE, 2018, 34(18) . 12 —20. (iin Chinese)
EH%. JET B HOTE RAME R & TSR R S S8 D], B e AR R4, 2017,
WANG Botao. Parameter optimization and simulation of a fluted roller distributor based on EDEM[D]. Yangling: Northwest
Agriculture and Forest University, 2017. (in Chinese)
SRR BT R HOTE MR i IS AL IE S HEIC S RO B AT (D] A A R, 2015,
ZHANG Jiahua. Simulation of a variable-rate fertilization process based on EDEM[ D]. Shihezi: Shihezi University, 2015. (in
Chinese)
XA NERHBURL i 45 1R 5 i HE AR B R T A R e (D). Fe22 AR ARl R4, 2015,
LIU Qinhua. Granular fertilizer blending and lag distribution model predictive control research [ D ]. Taian: Shandong
Agricultural University, 2015. (in Chinese)
T Me. AT EHOTIE TR LS 207 B A B [ D] 5 WAL RAARBH R, 2018.
DING Shangpeng. Simulation and test of the fertilizer blending ratio and separated layer fertilization based on EDEM[ D ].
Yangling: Northwest Agriculture and Forest University, 2018. (in Chinese)
STORN R, PRICE K. Differential evolution—a simple and efficient heuristic for global optimization over continuous spaces
[J]. Journal of Global Optimization, 1997, 11(4) . 341 —359.



