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Design and Experiment of Shovel Type Seedbed Preparation Machine
Suitable for Rapeseed Direct Seeding

LIAO Qingxi'? LIN Jianxin' ZHANG Qingsong'> XIE Haoming' DU Wenbin' WU Chong'
(1. College of Engineering, Huazhong Agricultural 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; Based on the objective reality of the sticky soil and large amount of straw in the rice-oil
rotation area of the mid-lower Yangtze River, the traditional rotary tillage method for rapeseed direct
seeding often leads to practical problems such as shallow plough layer, low stubble burying rate and low
flatness. Combined with the agronomic requirements for the preparation of rapeseed seedbeds, a shovel-
type seedbed preparation machine suitable for rapeseed direct seeding that realized the functions of soil
plowing, soil crushing, straw burial covering, and leveling was designed, which cut and threw soil
through active shovel, and integrated passive trenching, soil crushing, and flat surface. According to the
requirements of the shovel entry angle, tillage depth, soil cutting pitch, etc., a kinematic model of the
crank connecting rod mechanism was established. Based on the Matlab software analysis, the structure
parameters of the crank connecting rod mechanism were obtained. And according to the requirements of
shovel tip movement trajectory, cutting pitch, ditch bottom protrusion height, etc., the left and right
staggered structure of the shovel and the crank spiral arrangement were determined. And the matching
design of the unit operating parameters was carried out, the speed (v, ) was 0.4 ~0.5 m/s, the crank
rotation speed (n) was 240 r/min. The analysis of the movement process of the soil after being thrown by
the shovel was carried out, the installation parameters of the enclosure were determined. A simulation
model for the interaction of tillage components-soil-straw based on the discrete element method was
established. The EDEM and ADAMS software were used to analyze the straw burial performance of the
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machine, and the simulation results showed that the average straw burial rate was 91. 64% , which can

realize the deep burying of straw and returning it to the field. Field experiments showed that under the

condition of high stubble rice straw, the average working depth of the shovel-type seedbed preparation

machine was 215. 3 mm, which was 99. 2 mm higher than that of the traditional rotary tillage method ; the

stubble burying rate was 89.43% , which was an increase of 27. 61 percentage points compared with the

traditional rotary tillage method. The operation effect of the whole machine met the requirements for the

preparation of the rapeseed direct seeding bed in the rice stubble field.

Key words: rapeseed direct seeding; seedbed preparation; shovel-type; crank mechanism; kinematic

analysis
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Tab.1 Main technical parameters

SR K fH
AME R SF/(mm x mm x mm) 1470 x2300 x1110
B ) ) /kW =60
Vb / (me-s ™) 0.40 ~0.50
Al $& /mm 2 300
Yl 77/ mm 96 ~120
R TR JE /mm 200 ~ 240
T e 38 5 J& /mm 200 ~ 240

I i VA VR B/ mm 200 ~250
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Tab.2 Optimized parameters of linkage mechanism
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Tab.3 Contact parameters of model
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- R PR A R 0.422
- e PE AR R A 0.282
TR AR R A 0.50
- R AT g 4 DR A 0.50
- B T 3 EE 4 R 5L 0.05
T+ HE-RIKE R AL 0.422
- A I 4 R 0.482
- 185K B B 45 PR K 0.222
i FF—H9 1k 52 3 B 0.30
il T — 9 e 452 PR % 0.30
Tl FF—H9 2l 7 458 PR 8 0.01

3.3 fhEdE

W ST LR {5 5 = 4 S A ADAMS 4%
P8, SCHIAR B AT FEAT 5750 DL B BL SR [R] 0 3% 422 ¢
F,BE M e 8 240 o/ min, 5 JEHEEE R 0.45 m/s;
S R TE EDEM 843 B8R 2 200 mm,
Rayleigh B[] 254K 4 15% , WA R H % B 8 e /N B
KLPEARRY 2.5 A%, 07 LG TE] O 10 s AWy 5 R it
A2 1 370 165 A~ 4 58 550k 1 800 A Fl FF50RL , by X 43
FE AT 55 1498 RS A 0RO B (0 5 0 B R R 45
R 12 P

(a) YEAb AT

(b) Bk

12 fiEdf

Fig. 12 Simulation process

3.4 HEERSH
341 FEFRE R

S W L ELAE ol R P 3 B
F A EDEM /4 Geometry Bin I §E 5 HL EL 77 3 J7 )
BUAFAL B B 252950 03 4 BT 40 mom
K JE N 400 mm | 55 FE SR 800 mm [ 5 XA, Fatil +
SR, 0 50 FE R 00 13 % L DK B L

HARMY I 2 5 AT WORL 5t & 23 5y W, W, Fib
PR RT3 0

W -W
F, = "W " % 100% (18)

7£ EDEM Ji 40 B b 0 45 1) B8l 4 € 4 B, AL
HA S F 22 5 FF BT 0 91, 64% , 3% W] 47 48k 5X

Foft PR 5 AL RE A A BEAS FT o




£ 10 3] PP A RE IR 1 D ki S LR AR B A LB S i 33

(a) VEMVHT

(b) 1Rl jE
B 13 5 EAE LTS R A A

Straw distribution before and after simulation

Fig. 13

operation

x4 BWEESH

Tab.4 Straw burying parameters

o A b i A #F YEL 5 #5 T e
JfiE kg i/ kg
1 2.08 0.14 93.27
2 1.53 0.16 89. 54
3 2.03 0.16 92.12
P 1.88 0.15 91. 64
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Fig. 14 Vertical distribution of straw
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Tab.5 Vertical distribution of straw after operation

-~ LREF R A hERAT R, T RERAT R
i

kg kg kg
1 0.55 0. 45 0.11
2 0.32 0. 46 0.23
3 0.25 0.48 0.16
B 5 /% 37.21 46.18 16. 61

B VRJER VTR & A o e Bl o 37.21%
46. 18% Al 16. 61% 5 WL (5 HAF ML i &, 75 FF A1 1
SR AR S 18] B 5, R R I B b 5 4 R
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Tab.6 Test conditions parameters

S8 LA E]
X KR % 40. 82
FHEATE/ (goem ™) 1.12
35 - B IR ST /kPa 1825
34 B8 A =/ mm 369
R/ (gom™?) 1167
FEFF KR/ % 56. 15

RIS 245 2R 7 41 954 BV MR ML ik =X A R
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TR
4.2 RKWHZE
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30 o S LWL = R R R DA R R R R IR
ik R R A AILAE M TR B2 2 200 ~ 240 mm, 8 55 i
FLHL PTO fij th %% 3 g 540 v/min, 8 5 46 Hr HLES f7
FNH T TR UEALE Y S FT 3 B2 R 1. 62 km/h;2BFQ — 8
RIS E AR AL I AR Y 80 ~ 120 mm , 3 75 46 hr AL
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Tab.7 Test results

S ST i i B A R AL e ol e A L
- BE I /mm 215. 30 116. 10
BHER R e R % 92.83 91.88
JF T - % JF /mm 16.90 20. 30
gt %/ % 87.89 85.47
T 40 7 %/ % 89.43 61.82
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Fig. 15 Effects of field test
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