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Burying Stubble and Anti-blocking Deep Fertilization Composite Device for
Rapeseed Direct Planting in High Stubble and Heavy Soil Rice Stubble Field

WANG Lei'*  BIAN Qiwang'? LIAO Qingxi'> WANG Biao' LIAO Yitao'? ZHANG Qingsong'”’
(1. College of Engineering, Huazhong Agriculiural 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; During rapeseed direct seeding operation in rice-rapeseed rotation area of mid-lower Yangtze
River, because the soil is sticky and hardened, the stubble of the fore crop of rice on the surface is high,
and the large amount of straw is retained, which leads to the production problems of easy winding of
rotary tillage part, low straw burying rate, easy hanging of grass and blockage of deep fertilization shovel,
difficult to realize deep fertilization operation, a burying stubble and anti-blocking deep fertilization
composite operation device for rapeseed direct planting was developed to adapt high stubble and heavy soil
rice stubble field. The structural parameters of the deep rotary curved blade, the shallow rotary curved
blade, and anti-blocking straight rotary blade of the burying stubble and anti-blocking blade roller, and
the deep fertilization shovel were determined. Meanwhile, the arrangement and installation mode of the
rotary blade and the deep fertilizing shovel were defined. EDEM simulation was used to analyze the straw
burying and spatial distribution, the distribution depth after deep application of granular fertilizer, and
the mixing results of soil particles in the plough layer soil after machine operation. The test results showed
that when the working speed was 2. 5 km/h, the tillage depth was 150 mm, and the burying stubble and
anti-blocking blade roller rotating speed was 345 r/min, the straw burying rate was 86.53% and the
fertilization depth was 83 ~ 106 mm. The validation test of four field working conditions of the rotary
tillage and deep fertilization device was carried out. The field test results showed that the deep
fertilization part had good anti-blockage performance in the field. When the rotary tillage and deep
fertilization device operated on the sticky surface with high stubble, the fertilization depth was 87.4 ~
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109. 5 mm, the straw burying rate was 86. 69% ~90.35% , and the uniformity of the ridge was 16. 48 ~
22. 65 mm, the broken rate of soil was 81.24% ~92.13% . which could meet the test requirements of

fertilization depth and seedbed preparing during rapeseed direct seeding.

Key words: direct planter for rapeseed; high stubble and heavy soil rice stubble field ; deep fertilization;

burying stubble and anti-blocking; seedbed preparing
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Fig. 1 Structural diagrams of direct planter for rapeseed
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Fig.2  Operation process schematic of burying stubble
and anti-blocking part and deep fertilization part
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Tab.1 Main technical parameters of machines and tools
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Fig. 6  Structure and working process force diagram

of anti-blocking straight rotary blade
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force diagram of ground breaking blade
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Fig. 12 Schematic of circumferential expansion of rotary
blade and deep fertilization shovel arrangement
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Tab.2 Material parameters of simulation model

T T i
#pE/(kg-m ) 2315 HpEE/(kgem ™) 7850
; T 0.37 Zj LN 0.30
WK/ Pa 1.82 x10° BRI /Pa 7,90 x 10
i HH/ (kgem ™) 241 " W/ (kgem ™) 1357
g HHRE 0.40 | AR 0.25
W UIBE/Pa 100 x10°) T By /Pa 3,48 x 107
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Tab.3 Contact parameters of simulation model

I H 28 HfH
XA 0.50

TR FT IR 5 R 0.50
B B 45 R B 0.05

EXA 0.422

- TR 5% 1R B 0.482
oy JE 452 D A 0.222

XA 0.02

- - HEUR AT R PR 28 DR A 1.25
B FE 5 R A 1.24

EXA 0.30

A —H F i 4 TR 0.30
2y JBE 4% R4 0.01

RS 0.02

T IR HE et P 18 DR A 1.25
B FE 45 R £ 1.24

UEEX 0.32

OB HE A8 44 i 4 TR 0.57
2y JBE 4% R4 0.28
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Fig. 14 Simulation work effects
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Fig. 15 Spatial distribution of straw in soil layer at depth of 0 ~ 150 mm
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Tab.4 Distribution of straw mass in soil layer at

0 ~150 mm depth

I )2 2 T
R REFPET FEL RSFPET BRSO RFPR PR
B/ /% B/ /% /g /%
BT FEFF 58.14  38.89  51.91  34.72  39.45  26.39
BIRFEFE 12.45  37.24  12.67 37.90  8.31  24.86
MAAFEAF 70.59  38.59  64.58  35.30 47.76  26.11
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4.1 RIEEH

ST B HE A B 3 TR IR R A 1R e B ()R
Al SR TF R RS 2 M AL B AR R AR B . R A B
SRR AL 52 A A M 2 8 22 2% Tl S LG L L, A6 T8
Jb48 W ) B A gl K 2E R RS A e B AL AL A
RYEHEHL 15 25 35 4 SR H 4 B T8
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Tab.5 Parameters of soil and rice straw

1% F&#F
Mg —— = — — -
e WS, K Hl/ BAE CBAAE SKE/
i
kPa R/% (grem™*) FE/mm g %

1 1786.1 39.43 1.05 351 763 34.57

2 1913.3 41.65 1. 15 513 2443 48. 15

3 3362.5 29.22 1.61 519 3427 65.63

4 1623.5 34.51 1.28 476 2 560 61.13
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Fig. 16  Active anti-blockage performance test of shovel

front and between shovels of deep fertilization part
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Fig. 17  Operation effect of high stubble and heavy

soil rice stubble field surface
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Tab.6 Adaptability test results of high stubble
surface operation
W W R RS L BE/mm ROEEREU%
His E/mm BAER/ % R/% WHE OKHE WHE W

2 16. 48 90.35 92.13 165 129  91.86 91.27
3 22. 65 86.69 81.24 158 118 87.43 85.97
aiig <50 =55 =50 =80 =85

4 SR LR AR M S B HE AR b CR n 1 18
B HUR DR AE Al i, R A 40 1 L J= TR B A
87.4 ~109.5 mm. HIa] i 50 3% W], 475 By 4 % i N2
R (BASSTRR (N R R AR e (SN
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