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Simulation analysis of working process of control position separated layer
fertilizer furrow opener based on EDEM and test

DUN Guogiang®, YANG Yongzhen', CHEN Haitao®> DU Jiaxing®, ZHANG lJingtao®

(1.College of Mechtronic Engineering, Northeast Forestry University, Harbin, Heilongjiang 150040, China; 2.College of
Engineering, Northeast Agricultural University, Harbin, Heilongjiang 150030, China; 3.Jiamusi Branch of Heilongjiang
Academy of Agricultural Sciences, Jiamusi, Heilongjiang 154007, China)

Abstract: In order to solve the problems of large longitudinal dimension and poor stratification effect of no-till planter
separated layer fertilizer furrow opener, a control position separated layer fertilizer furrow opener is designed by
consisting of main opener and shallow tail tube. The horizontal position of fertilization was controlled by adjusting the
position of the shallow tail pipe position A discrete element model has been built by EDEM to simulate the process of
cutting soil furrowing and separated layer fertilizing. The theoretical analysis and simulation results of the soil tillage
resistance of the open and lateral fertilizers showed that the lateral fertilizers used in the open ditches had relatively
higher soil tillage loadings and smaller load fluctuations. The simulation analysis of stratification and fertilization
efficiency of opener was carried out. The results showed that lateral fertilizer application had better stratification effect of
fertilizer and more concentrated particle spatial distribution. Field test results show that the control stratum fertilization
opener can achieve the function of stratified fertilization, The mean of fertilization depth difference and coefficient of
variation of fertilization depth difference of lateral position mode and normal position mode is 4.7 cm, 3.9 cm and 5.1%,
10.8%, and lateral position has a more conspicuous and stable layered performance. The field test results were in
agreement with the simulation results.

Keywords: no-till planter; EDEM; control position separated layer fertilizer; furrow opener; simulation analysis

Wi HE 2017-03-23 fEE A 2017-00-13
B =] (2572017BB10) (2014BAD11B01-A02)
( ) (41112417) (GARS-04)
TEZEN: (1986—) dunguogiang1986@163.com



2018 2

96 ( ) http://xb.hunau.edu.cn
7 9 8
‘lU’l
65Mn (HRC45~
50) (Q235)
[1-2]
[3-6]
6 cm 3 7 6 mm 3x45°
55° 7°
4 8cm 1 2
4 6 7
45° 3
(8] 2
11
17 cm 3 7 3 45
mm 50 mm
60 mm
EDEM -
_— BRI
?\U_"HL‘ 45 mm 45 mm %/
YEN_
s f : s/~ 0O PR ®
1 =5 EelEFas8a SRk TIERE e
e - | REEN
1 E2 FaEHEmsR
1 2 Fig.2 The fertilizer pattern diagram of the fertilizer furrow opener
4
2 YImehRiE IR T E R

21 BHMTMEHEERET

EDEM

3 4 5 SolidWorks 2009

Bl 2B AEEN
Fig.1 The structure diagram of the control position separated

layer fertilizer furrow opener



44 1 EDEM 97
1.75 m/s
*1GS 40 000 50 000 /s
CPSLF.igs X z z 4mfs
%02 1000
EDEM CPSLF.dem 2000 /s
Hertz-mindlin (no-slip) z 2m/s
1500 3000 /s
Hertz-mindlin with 5 z 2 mis
1.928x10" 01
IKR 928x107 s 0.01s
EDEM 3
[9-13] 1
*1 HEEESYHIRE
Table 1 Simulation model parameter setting
0.25
1.0x10" Pa
1861 kg/m®
0.50 1 2 3 4
2.0x10" Pa 5 6 7
2600 kg/m® 8 9 10 11
‘7":21010 o E3 4 RHEARFF R BEDEMY; EAEE
7850.kg/m3 Fig.3 Simulation model of control position separated layer
- 0.5 fertilizer furrow opener
0.4
0.02 22 FAHRTBEMEBNSFREIERE
- 0.1
0.2 2
0.02 2 4
- 0.6
04 \2 Ry fil . 75 2
0.01
- 0.3 i AT ) i
0.5 .
0.02 Fa Fe
- 03 Fax Fex e
0.5 Fi [r“hz F:J f‘:l/.
0.02 7 B o
10.5 J/m? I IR yfe
=
_‘—‘-x,____,_,_/ —‘—---L‘_____,_/
o - R A e PR LR ek
1.641 mm Fa FBX Faz FC FCX FCZ
Fo Fox Foz Fa Fao Fo
0.152 6 mm Fo Fo Fo
EDEM
0.023 932 g 18.409 mm® E4 FiusHEsHENS AL
Fig.4 Comparative analysis of force on the furrow opener soil tillage
4.5mm 0.9924¢

381.7 mm®
1



98 ( ) http://xb.hunau.edu.cn 2018 2
F_ =F +F, 2
F , = Faz - sz (1) EDEM
F =
F =F, +F °
= +
oX dx 5—3. 2
F = — Fdz (2) 0~03s
F, =K 0~50N
F «F , F , F « F , 03~035s
F
FacFox FamFe Fix<Fox Foe<Fg de>0 358 N
317N 0.35~0.6s
125~275N
X
342N 316N
125 ~ 275 N( 5-h)
y
0N
25~ 25N(  5-¢)
45N
y
z
sl o

4i_\;aoo- —

B 250 |

=

;203

pag ] 3

£ 100] [

%m_ ——  WORETA l 50 -

B . —— il it R 2 0

o 0z 03 o4 55 06 0 02 3 04 05 o6
BfE /s B /s
a

< | =T )

% o 3 0

;ﬁ-zo- g-zn_

g_‘o ——  MEREAR E““

;i.ao —e— E{rHENA ;-:,50,

&,ao. E-

('R ] 02 O.GNW JIU.: 05 06 0.1 02 03 B rD: 0s 06
c
a b X c y d z

E5 TiEHHMER 7%k

Fig.5 Soils tillage resistance force curve
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Table 2 Simulation results of soils tillage resistance force
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Fig.6 The fertilizer particles space distribution of separate layer fertilizer
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