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Design and Test of Adjustable Blades Side Deep Fertilizing Device for Paddy Field

WANG Jinfeng GAO Guanbao WANG Jinwu YAN Dongwei
(College of Engineering, Northeast Agricultural University, Harbin 150030, China)

Abstract. In order to improve the fertilization quality of deep fertilization for paddy field, an adjustable
blades side deep fertilizing device for paddy field was designed. Structure parameters of fertilizer rate
adjusting mechanism were optimized by using optimization software V1.0, which was developed for
fertilizer rate adjusting mechanism of side deep fertilizing device for paddy field. The stress analysis was
carried out for fertilizer rate adjusting mechanism, through which the output torque of stepper motor was
determined greater than 680 N+ mm. Simulation model was established for adjustable blades side deep
fertilizing device, and virtual experiment of distributing fertilizer was carried out by using discrete element
EDEM software to analyze the acting force of fertilizer particle on spiral steel wire and hairbrush,
therefore, the output torque of the direct current motor of fertilizer cases and anti-blocking device was
determined greater than 5 345 N+mm and 8 N+ mm, respectively. Fertilization performance of groove
wheel type and adjustable blade type side deep fertilizing device for paddy field were studied on JPS —12
type discharging seed performance detection test bench, through which the influence laws of the rotation
speed and forward velocity of the groove wheel type side deep fertilizing device on fertilizer stability and
uniformity were obtained, the influence laws of the opening diameter and the forward speed of adjustable
blade type side deep fertilizing device for paddy field on fertilizer stability and uniformity were obtained.
The test results showed that fertilizer stability and uniformity indexes of adjustable blade type side deep
fertilizer device for paddy field can meet national standard requirements, the quality of fertilization was
superior to that of groove wheel type side deep fertilizing device, and the fertilization ability can meet
agronomic requirements.
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Fig. 1  Structure diagrams of side deep fertilizing device
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Fig.2 Force diagram of blade in xOy plane
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speed for adjustable blade type side deep fertilizing device
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Tab.6 Uniformity of fertilization at different opening
diameters for adjustable blade type side deep

fertilizing device

T HAR x5/ Jiti N 183 53 ek it S 2 it NE ¥ 57 P AR 5
mm Yl y3/g ARy, /%
16 0.17 29.32
19 0.38 23.25
22 1.58 16. 57
25 3.36 9.24
28 5.31 7.30

A2 6 1958 X A7 07 22 20 M7, o3 A 45 R

F W], I 0 EAR 0 e S 4% 2 18 e S 2 4% (L e A 4%

SRR S RO 2, ] Design-Expert $8l 4

T F LA R it FES 49 9 1P i I k59 {1 00 S 249 5 1P 2
St ZBOE R (8] 0377 R 43 5 A

y, =0.032x; —0.976x, +7. 452 (20)

ys = —1.935x, +59.706 (21)

W 381 KR 00 e A 2 e HE 49 2 3

45 2R T < I S R ) 38 it S A 2 P it A 4

(ELUR /N, AT 38 A 522 W e S 49 2 P S 2 5 BT

I ELAR B8 30, it A 249 2 18 it A 2 49 {35, it A £

SIVEAE S A RO o
I HEAR N 16 mm B il AE 5 5] PR AR S R AR
BFN 29.32% o Bl AL B A 1Pk S R R 40% AUA



%3 1

Eapig 45 R IR Y SOK N AR A B BT S R 75

A (21) A EHR/NIT H EAR N 10 mm, il TR
NI D A B AR 3 mm 1 B R & SR, BT
LY T EE AR 10 mm B, B R 42 47 At 5 22 ()
MR BIAA 3.5 mm, GAKIEEREY, 4TF 0 H
/T 16 mm B, AERE R 95 A0 , B 2 BT 2%,
D TR Sy i 2 JIE L R RT3k DR AT ek A [ E 452
JIRIAE R A5 N R BORL R 72 B A Ay 22 8],
BOLABNEBHBURL TS VL T ¥ o A PRIEIERHSURL T 7% I
7, JF 0 EAR R R T 16 mm, WIS (21) o o, B 5E L
B %, > 16 mm, Z(14) ((15) ((20) H1 oy B E S
¥ H x, >16 mm,

H 2 (14) L (20) A7 0, it 8 755 2K H A i
JIES 25 it S P it S 349 ) P vt S i 3% {1 Bt
1L AR A o g 1 s e =819 ) W i AT X A
Jot A ek X2 L i 0 R ) T O o SO FE AR
0,9 16 mm, By #E I B 2, 0 1.2 m/s, P 4 i AE 2 &)
Ph NE 18 2 {E B /MELY 0. 15 g, BT O 0. 1 m (/)
BOC MR G EE) (8 0.3 m OKFBLEI A7)
FEIE N 1 it AE P 24 e /M R 0. 15 g, ~F 245 AT
A 50 kg/hm® 3 24 FF H A2 2, i K AH 28 mm , R
HEHE %, 0 0.8 m/s I, 00 8 it T 2 1 {8 de KB K
594 &, K MG I B 1980 ke/hm’, L0 45 %2
W it IS 2 5 i P A 096 A2 60 ~ 930 kg/hm” 1 ¢
LR,

308 30 R A R e 30 K R i AT e
AT it AL RS A P At AL Xy 50 P A 0 s &5 R ) g,
A8 XK FH N it S 2 5t S e 1P 32 B0 A ol s 4 2
SR it T 4 2] P 48 b R 3K 24T M bR HE K, T R

7 3K FH ) 48 i A 2 5 e S 8 P A e A X 20 i
B AT bR 2SR . BFFE 45 SRR B A ST Y
I 814 IR 000 it IS e e FES o G T
e A T 00 % i S 5

6 it

(1) et 1 3 35 2K F 0 it FE < 5,
VRN R RPNy U W R = i 2 | W R
V1.0 A Ak R i ot AT 12 98 15 ALY 45 49 2 %8, i 1 e
HE 5 98 5 WL 52 3 53 #0520 2 A Sl HL RS e i
A

(2) g5 1k R 3 3 00 % i HE 2 7 A
B, N B HOC EDEM SR0F 2 17 HE IS 52 LK 5, 73
A SR 41 22 0 B el A T AR I A2 20 e B0RE /9 45
73, AT Aff 2 RS A T 3L FL 3 WL B 3 ke U VR Bl
BLAY i HH A

(3) it i JPS — 12 FYHEFh P fE AL I L 5 5 X5 4
e R I R 9 4 R 00 it S 26 47 it A 17 i
T, ARAF 7l 58 oK 00 i JES 2B 5 1 4 A sk
AR 2 T 508 i JIES A R 1 A4 23 P R i R, i
I A % it A 2 5 T 11 A R S JRE o
Tt IE RS AE 1k A A7 1k 52 i LA . R e IR 25 R R
W]+ Al e X P % it I 2K . i S A 7 17 ik B 47l
i v SR T A 49 2 M 5 b R 3K B ATl s v K T
- 38 AR 000 3% it S 2 5 i IS S 1 A i I Xy
SIVESE R AT AR EZR o R 3R Y 2K AR
it JIES 26 £ it AES o (00 T A i R A0 i I e
M AE BE i AR L EOR

& % x Wt

PRI VPR AR, B, 25 K Rl DL R A B AR M B OF 5 [T ] MBI — R B 42240 ,2012,24(6) 110 - 12.
CHEN Changhai,XU Chunlin, BI Chunhui,et al. Researching of rice transplanter deep side fertilizing technology and device[ J].
Journal of Heilongjiang Bayi Agricultural University,2012,24(6) :10 —12. (in Chinese)

BT R, W 0. FRIE R H A S [ K F LR RBESL [T ] AR HLAL T 5T ,2002,24(3) 123 - 25.

BAO Bingqi, AN Longzhe, HU Wenying. The paddy field mechanization state in Japan China [ J]. Journal of Agricultural
Mechanization Research,2002,24(3) :23 —=25. (in Chinese)

M W, S 30, B8 30, 4 MLB IR A5 %G A T 7 R R A i ik B 7™ o B2 e [T ] A P ROl R 2% 2% 41 ,2013,32(2) =1 - 5.
PAN Shenggang, MO Zhaowen,LUO Xiwen,et al. Effects of deeply mechanized fertilizer application on the quality and grain yield
of direct seedling rice[ J]. Journal of Huazhong Agricultural University,2013,32(2) :1 —5. (in Chinese)

GAADI K A, AYERS P D. Integrating GIS and GPS into a spatially variable rate herbicide application system [ J].
Engineering in Agricultural ;1999 ,5(4) .255 -262.

THOR AR A 2 KA I FAE o K i ik R i s [T ] BB AR K ,2016(2) <17 - 18.

Wi 6, B8 S0, AR, A KR B R 5 0 A TR IE R AR I IR T [ 7] Al T2 2% 4% ,2014,30(16) : 1 - 7.
CHEN Xiongfei, LUO Xiwen, WANG Zaiman, et al. Experiment of synchronous side deep fertilizing technique with rice hill-drop
drilling[ J]. Transactions of the CSAE,2014,30(16) :1 —7. (in Chinese)

W, Tt , 2 830, 45 [A) 28 JT 0 2B AT K A 1 R OX BB LB Sk [T ] Rl R ~- 4k ,2012,28(20) - 12 - 19.
ZENG Shan,TANG Haitao, LUO Xiwen,et al. Design and experiment of precision rice hill-drop drilling machine for dry land with
synchronous fertilizing[ J]. Transactions of the CSAE,2012,28(20) :12 - 19. (in Chinese)

WAL, 2R S, 2o A, 55 R HE HH /N 22 SE MRS B D AH R AP LAY BE3H 5 iR [ ] el TRE"# 40 ,2016,32(4) 24 - 32.

HU Hong, LI Hongwen, LI Chuanyou, et al. Design and experiment of broad width and precision minimal tillage wheat planter in

Applied



76

& BLOW o R 2018 4

11

14
15
16
17
18
19

20
21

22

23

24

25

26

27

rice stubble field[ J]. Transactions of the CSAE,2016,32(4) :24 - 32. (in Chinese)
PRt , Jf o, B0, 46 36T EDEM 4R S Fh 4 ok F8 Fb e i sh LA OF 58 [T ] RO ALAAA 412 ,2011,42(10) =79 - 83.
CHEN Jin,ZHOU Han,ZHAO Zhan,et al. Analysis of rice seeds motion on vibrating plate using EDEM[ J]. Transactions of the
Chinese Society for Agricultural Machinery,2011,42(10) :79 —83. (in Chinese)
AR RV A TR 4F L AR AT Ak PR RO 0 B S AE IE D ER LT ] A AL AE 4R ,2011,42(7) :204 - 209.
MENG Zhijun, ZHAO Chunjiang, FU Weiqiang, et al. Prescription map identification and position lag calibration method for
variable rate application of fertilizer[ J]. Transactions of the Chinese Society for Agricultural Machinery,2011,42(7) :204 —209.
(in Chinese)
e, RS 2BSF — 4 BUFR K Az e AE Al KB FHALLY ] Rb AL 4, 2007 ,38(7) 271 - 74.
JIN Chenggian, WU Chongyou. Field performance test and design principle of 2BSF — 4 irrigating-sowing machine [ J].
Transactions of the Chinese Society for Agricultural Machinery,2007,38(7) ;71 —74. (in Chinese)
Ji%, L4, 4R, %, 4T EDEM (17K I %9 AT HLAG 2 e 49 22 1 BB U 5 A [T R ALAE T 5, 2015,37 (1) 27 -
30.
ZHOU Wei, WANG Jinfeng, WANG Jinwu,et al. Numerical simulation and analysis of a fertilizer can on fertilizer spreader based
on EDEM[J]. Journal of Agricultural Mechanization Research,2015,37(1) :27 —30. (in Chinese)
SEHE, XV By N E 5 % BL AR R AC H 2 ADRHB IR 5 1B IR S5 LA [ /0L ). RO AL 27 41 ,2014,45(6) - 125 -
132. http: // www. j-csam. org/jcsam/ch/reader/view_abstract. aspx? file_no = 20140620&flag = 1. DOI; 10. 6041/j. issn. 1000-
1298.2014. 06.020.
YUAN Jin,LIU Qinhua, LIU Xuemei, et al. Simulation of multi-fertilizers blending process and optimization of blending cavity
structure in nutrient proportion of variable rate fertilization[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery,
2014,45(6) :125 = 132. (in Chinese)
ARAb ARl K 2 oK R I it A BES 4 5 %% 2010105243020 P1. 2012 — 08 —22.
FRAb A K 2. 7K i T R B 1Y 2% B . 20131021815960[ P . 2015 — 04 —08.
ARAC AR K 2. oK P i AT 2 bt I 7 B 5 3 i 7 B A 3 LA :201410151999X [ P]. 2016 — 02 —03.
ARACA M R [T 25 A AL B A ik 34 72 HL 4 :201621344602X [ P ]. 2017 — 06 — 20.
ARAbAgel K2 Hn g 2K H T HE AL 5 Bk R 2 4H 5 P11 . 2016213376718 [ P]. 2017 - 06 — 20.
e, Ea, B4, & R RS S B st 50 [T] . ROUERTSE ,2015,37(7) :160 - 163.
YANG Xinlun, WANG Jinwu, WANG Jinfeng, et al. Parameters optimization design and analysis of vaned fertilizer distributing
device[ J]. Journal of Agricultural Mechanization Research,2015,37(7) :160 —163. (iin Chinese)
ARACAR MY IR 27 7K EH A % it A A 2 90 3 2 T S LG AL A #F V1L 0: 2014SR034199[ Z]. 2014 — 03 —26.
WANG Jinfeng,ZOU Detang, WANG Jinwu, et al. Optimization desing on deep-fertilization fertilizer amount adjusting mechanism
for paddy field[ J]. Computer and Computing Technologies in Agriculture,2013,7(1) ;128 - 136.
PRl BB M, 4. BT EDEM i ) 58 2046 AR HE R o HERb O AR 09 R BOC 05 AT T [T ). & Bk BL 4, 2016,
44(16) :250 - 253,278.
CHEN Teng,ZHAI Chaonan, XING Zhizhong, et al. Discrete element simulation study of seed metering process of inside-filling
meter based on EDEM[ J]. Journal of Anhui Agricultural Sciences,2016,44(16) :250 —253,278. (in Chinese)
FARM, KA, KRB, 5. EDEM 0K A4 (i B HORAEHE R LA BT 5T B9 T[T ). ZR el K 2% ~# 4%, 2013 ,44(2) : 110 -
114.
WANG Fulin,SHANG Jiajie, LIU Hongxin, et al. Application of EDEM particles simulation technology on seed-metering device
research[ J]. Journal of Northeast Agricultural University,2013,44(2) :110 - 114. (in Chinese)
Ze % fd )T A TR, A XU 2RO O RO o it T A B i Bt SR [T ] R TR R ,2016,32(3) (14 - 21.
ZUO Xingjian, WU Guangwei, FU Weiqgiang,et al. Design and experiment on air-blast rice side deep precision fertilization device
[J]. Transactions of the CSAE,2016,32(3) :14 —21. (in Chinese)
Fa, M, £, 4. 48 Il EORME B HER & 5 f 50X B B AL BT 53888 [ /0L . Al ALK 2% 4k ,2017,48 (1) :29 -
37,46. http: /] Www. j-csam. org/jcsam/ch/reader/view _abstract. aspx? file_no =20170105&flag = 1&journal _id = jesam. DOI;
10.6041/j. issn. 1000-1298.2017.01. 005.
WANG Jinwu, TANG Han, WANG Jinfeng, et al. Analysis and experiment of guiding and dropping migratory mechanism on pickup
finger precision feed metering device for corn[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2017,
48(1) :29 -37,46. (in Chinese)
B, 2 B S0, MRI% L 4F L TPT — 4.0 UK OG- T ML 55 [ )/ OL ] R HLAE 2 4l 2014 ,45(4) 146 - 151 http: //
www. j-csam. org/jesam/ch/reader/view_abstract. aspx? file_no =20140423 &flag = 1 &journal _id = jesam. DOI;10. 6041/j. issn.
1000-1298.2014.04.023.
HU Lian,LUO Xiwen,LIN Chaoxing,et al. Development of 1PJ —4.0 laser leveler installed on a wheeled tractor for paddy field
[J/OL]. Transactions of the Chinese Society for Agricultural Machinery,2014,45(4) :146 - 151. (in Chinese)
WANG Jinfeng,ZOU Detang, WANG Jinwu, et al. Testing and analysis of the shear modulus of urea granules[ J]. Computer and
Computing Technologies in Agriculture,2013,7(1) :137 - 144.



