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Design and Experiment of Side Deep Hole Fertilization
Device for Rapeseed

LIAO Qingxi'> CHEN Yong'? ZHANG Qingsong'> WANG Lei'”> LIN Jianxin'? DU Wenbin'"
(1. College of Engineering, Huazhong Agriculiural University, Wuhan 430070, China
2. Key Laboratory of Agricultural Equipment in Mid-lower Yangize River, Ministry of Agriculture and Rural Affairs,
Wuhan 430070, China)

Abstract: In order to improve the utilization efficiency of fertilizers, reduce the amount of chemical
fertilizers applied, and realize fertilization in the root zone of rapeseed, combined with agronomic
requirements for rapeseed sowing and fertilization, the side deep hole fertilization process for rapeseed was
proposed, and a kind of mechanical hole fertilization device was designed. The working process of the
hole fertilization device was explained, the basic parameters of the device were determined through
theoretical analysis, the mechanical models of fertilizer particle group in fertilizer filling and feeding zone
were established, and the main influencing factors affecting its fertilizer distribution performance were
determined. The discrete element software EDEM was used to carry out a simulation analysis on the
fertilizer distribution performance of the fertilizer point-applied device, and the influence of rotation speed
of fertilizer feeding unit, length of fertilizer hole and fertilizer tube on the error of hole fertilizer amount
and the fertilizer distribution long axis was studied. The optimized result showed that when the fertilizer
feeding unit speed, the length of the fertilizer hole and the fertilizer tube were 60 r/min, 18 mm and ABS
fertilizer tube, respectively, the error of hole fertilizer amount and the fertilizer distribution long axis were
7.05% and 62.45 mm, respectively. The bench test showed that under the conditions of rotation speed of
fertilizer feeding unit of 30 ~90 r/min, the error of the hole fertilizer amount was 4. 56% ~15.69% , the
fertilizer distribution long axis was 76.32 ~91.50 mm, the stability coefficient of fertilizer distribution
long axis was 4.53% ~ 9.78% and the error of fertilizer pointed distance was 3.24% ~ 7.31% ,
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respectively. Field test results showed that when the fertilizer feeding unit was 30 ~90 r/min, the error of
the hole fertilizer amount was 4. 73% ~16.07% , the fertilizer distribution long axis was 85.21 ~101. 65 mm,
the coefficient of variation of the fertilizer distribution long axis stability was 4. 82% ~ 10. 63% , the error
of the fertilizer pointed distance was 3.36% ~7.58% and the stability coefficient of fertilization depth

was 6.43% ~10.85% , respectively. The cavitation performance was well, and it met the requirements

of hole fertilization.

Key words: rapeseed; hole fertilization; fertilizer discharge device; side deep fertilization; discrete

element simulation
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Fig.2  Structure diagrams of planter and

hole-fertilization device
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Fig.3 Structure diagrams of fertilizer-metering device
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Fig.5 Mechanics analysis of fertilizer filling stage
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Fig. 6 Mechanics analysis of fertilizer discharging stage
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Fig.7 Schematic of ditching principle
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Fig.8 Structure diagram of seed and fertilizer ditching roller
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Fig. 10 Curve of deep fertilizing shovel
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device, ditching roller and deep fertilizing shovel
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Tab.2 Parameters of simulation

Yk HEE/AYEA W/ (kgom ) BIYIE R/ Pa
JIE Ao} 5 AE 0.25 1325 2.86 x 107
T ¥k ABS 0.394 1 060 8.96 x 10°
PVC 0. 47 1282 2.04 x10°
NG 0.30 7865 7.90 x 10"
A4 0.35 1357 7.27 x10®

x3 EMSH
Tab.3 Parameters of contact
sl M RE WREEIRIR SR
JIE e} A — S L S 0.28 0.34 0.21
ABS — I EHSURL 0.39 0.37 0.20
PVC —JIE 5k 0.35 0.41 0.15
AN 5 - T R SR 0.32 0.57 0.28
- B AE kL kL 0.02 1.25 1.24

3.2 K®WHE

HERE %8 2658 12 5 e HE 1R e AT OC , R AE 48 7 1t e
TE T RN B 2 R, O 0 7 O H A0 RN B B e IX T
FEMERIALAFE Ry 25 mm (S AEE S ABS UREME A
T, FF B HE IR #2 %% 3 S 30 ~ 120 /min, & 7] bR
10 v/ min Sy — 7K 8 5 30T JE R R M BE 52 i) 1Y
BRI

VE L 2 % 3 %y HE AT 56 % o, 5 A Y AL K
e RN 2 Y B HE S 5, 5 IS AR O N IE
HENE 25 HE S ©1 R0 3 bt I8 57 3F L 487 Y 3% 4 5 AR, e
BHBUREL 5 A [a] 26 7Y 5 S 457 18] A Al J8 52 i) ol o
F B FEAS 6 ARl 2 8, 5 I A AL B J 5 I8 48 2R
RS 5t AL HE L &% B /<1 BE B 52, T R HE I 48
Sl FENE AL AL B R IR A MR = R I A2
I, e 2 DL CCHR IR 6 58 25 RN R KO B R
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TEVAT T A& 44 V- 180 HLAS T % 206 4 i3 v () o7 1 %
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Fig. 13 Performance curves of fertilizer discharge at

different fertilizer feeding unit speeds
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Tab.4 Test factors and levels

i3S
K ﬁffiﬂ:fﬁf/ }EHE’L‘E&&TE/ [T
1 30 18 ABS ¥k}
2 60 24 PVC I 805
3 90 30 N

x5 RBEITEER

Tab.5 Experimental design and results

s K% FCHENE TR Bl

A B c W%/ % K /mm
1 1 1 1 3.50 72.67
2 1 2 2 6.76 86. 42
3 1 3 3 8. 64 95.15
4 2 2 3 4.76 80. 79
5 2 3 1 3.28 78.55
6 2 1 2 7.32 65.90
7 3 3 2 11.79 85.70
8 3 1 3 14. 02 78.33
9 3 2 1 12.27 76. 50

PLCHERE £ 2 22 AR Rl B2 S 21 45 A
ZEHT N 6 PR W 2E ANk 7 Fis .
®6 KEERFESH

Tab.6 Variance analysis of experimental results

S

L7 3/ F I
A 13.09 0.0329*
JCHEE 15 22 B 0.35 0. 966
c 1.74 0.316
A 23.92 0.040 1"
NSRS B 52.49 0.0187"
C 20. 36 0.046 8 *

V% FR I (P <0.05)

x7T RABERBRESW

Tab.7 Range analysis of experimental results

. JCHR L B3R 22 TRRAC K

B c A B c
K, 18.90 24. 84 19.05 254.24 216.90 227.72
K, 15.36 23.79 25.87 225.24 243.71 238.02
K, 38.08 23.71 27.42  240.53 259.40 254.27
R 22.72 1.13 8.37 29.00 42.50 26.55
iﬁ?ﬁmk? Az B3 Cl Az Bl CI
ER/NEES A.C.B BAC

25 PUZ R CHE RE 2% 22 B 52 W)« HEAE 48 e i %)
JCHENE R 22 R % (P <0.05) , e A LK
S HEAEE AR Xk R BE 8 15 22 32 R AN 3, 2RI
RN AR R AR EIE R AL I, %%
PR 0 AR R T JBE A R W« HE A 5 e i | e JIE 2 L

K T IR BRE A A A B R i e 5 (P <
0.05) , EWHE Ny - FE AL B AL JEE AR 5 52 | &
Bk

4 W22 0 T AT 22 0 A, X T ORCHE IS A R 22
RN R JE B 7 290 5 A, By C R AL B, C
P T 0 M 2R LA B X 7 M 3R 22 5 Wi S e 3,
TR S ) 883 A O R A 1 S 8
HEHN ABC RIHEIL AR ¥ 18 9 60 r/min, FE1E AU AL
KB 18 mm, S04y ABS SR, XTI 9 7 HE AR
TR 22 AR RS BE 3 03 7. 05% Al 62. 45 mm
LS HA AT 24T EDEM ff HEE I E , 74 H T
AFIC R IR 220 6. 98% , /AR KAl 62. 59 mm,
4 aRER
4.1 K%

O 96 E 15 AR5 9 5 B O R AN [ AE e
BT A 5t AL HE S #5% i BE 5 2B . SR ABS
FERE 3D AT EDHEAE 52 AL S5 15 42 , 3 1ok 3 1 E 9
R4 TR A ALK H 18 mm 4 R 657 A
AEE 3.6 g, AL By ABS 2R . K 7E
ferp Al Rog T e & N A S0 0 = b AT, 10 e
BANPE 14 FroR o
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Fig. 14 Bench test device
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PRIk FA ok 32.40° HEBU JE O 873 kg/m’ (&K R
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PLB7 e ok s Bk . Hoe ik A AR R R VE
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Fig. 15 Diagram of fertilizer particle distribution
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Tab.8 Bench test results

NEERINS

HEIL A He i/ R AR KA . TR R 22/
(remin~") R2E/ % £ JE/mm JRERL %
5 R %
30 4.56 91.50 4.53 3.24
60 8.21 76. 32 6.59 5.16
90 15. 69 85. 46 9.78 7.31

#* 8 KW, AR ALK Ay 18 mm, T L4 A

ABS BRME I, HEAC 58 %% 300 30 ~ 90 r/min I, 7CHE
JEH R 22 N 4.56% ~ 15.69% , 748 K ol K
9 76.32 ~91. 50 mm, 7AE KA B AR E 1R R S R
Bl 4.53% ~ 9.78% , JCHE ¥R 22 Ny 3.24% ~
7.31% o JCHERE 8 1% 2 AR R B2 AR e M7 57
FEHBUN IR EART 7.31%

5 HEKE

51 R®A=*

S 58 UE 0 SR AL AR X 7t IE e A R A Ol 1 g
Lo RE AR, T 2021 4 11 7 A A6 48 I M i i
A B2 AT JE T 8] 046, an &l 16 FroR o k5 ik
e B &I, i S PR 100 mm, i AE 5T B
200 mm, AL S ABS UM, A 0T HIE HEE A
N 3.6 g, BB HEAE & HE AL 2 5% 80 30 ~ 90 r/min,
A K18 9 30 v/ming T [ (8] I 4 A O
B BE A6 b, PF R G0 AL 57 5 B B Bk B, B AT
JA AT L

A v B S
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Fig. 16  Field test
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Tab.9 Field test results
M 56 5 3/ SRR RBER SRR E O ERE
R

( 1) wmiRE/ WMKE/ ERElT RE ReEnEt
frmn % mm SRZE % % SR/ %

30 4.73 101. 65 4.82 3.36 6.43

60 8. 45 85.21 6.72 5.64 9.51

90 16.07 92.72 10. 63 7.58 10. 85

HH 2% 9 AL, AR R Al R Bl HE I 6 e 1 K
FEI /NG R R, CHERE f iR 25 R Rl B R
AR S ZRB0 R R 25 it AT R AR AR S AR Bk
HE A %8 2 084 T 34 K, B B AR AR AR T B
B4 25 A, B00E T 5 2R 00 45 SR 1 A M
HEAE % %% 12l 30 ~ 90 r/min B, 7CHE AL &% 22 5k
4.73% ~16.07% , 7 AR B A 85.21 ~ 101. 65 mm),
AERKMRKEREHET S RN 4.82% ~
10.63% , /X FEiR 2% 3.36% ~7.58% , i JI0 V% )& Fa
EVEAE 3 RN 6.43% ~10.85% , ¥ J Vi1 =2 4 Fh
7t AE 5K
6 Z5ig

(1) BT — g = o it I 120 07 %8,
il T —Fp LA X it I e, JEAT T HEAR R Rl T
T84 BOUR T B ™ 1) 25 K T, 9T 4 A T AR IE I 1 R

5t NE 5 2 80 2z 18] 9 LRI OC & 5 g 1 7t e HE
e g A LA HEAR A8 1 E A5 S8 S I HE R R B
22 80 mm , BIALASEL Ry 4, B B LA R Y 3
371920 ~9 580 mm’

(2) FF R T HENC 48 5% 36 B 7Pk e 52 e ) B [
FOT AR, 25 R R U] HENE 5 A X o CHE N iR 22
5200 B, R A A0 4% 3l 30 ~ 90 r/min I, AU AL,
) FE AL T R A i o SR = IR = K BRI o i
W T ERE AL S & HE I R 4 R
60 r/min, FENE AL BE 18 mm, 3 L4 44 KL S ABS
FURFE XTI 1Y 7 CHEIE B3R 25 R0 R R Bl 2 43 )
7. 05% Fil 62. 45 mm,

(3) RS EH A T M HENE Pk BE & 4l 50 25 2R
Y, HENE 46 3Ry 30 ~ 90 r/min B, FCHENE £ 5% 22
N 4.56% ~15.69% , ;A2 K Rl K Rl 76.32 ~
91. 50 mm, 7R BERS E M2 S R 4. 53% ~
9.78% ,/\HEiR 2R 3.24% ~7.31% , WA 5 3R
WY, HENE 5 5% 3 30 ~ 90 v/min B, JCHEAE &2 254
4.73% ~16.07% ,7 A2 KAl 85.21 ~ 101. 65 mm,
KEKMKEREEDT R ZRHEN 4.82% ~
10.63% ,7CHEiR 224 3.36% ~7.58% , Jiti A ¥4 i F4
FE VR S R A 6.43% ~10.85% , L /CPE R AT,
it 12 7t JIE 5K
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