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Design and experiment of a combined planter for soybean
and corn compound planting in Northwest arid area

QU Jingwu', DAI Fei', SHI Ruijie', ZHAO Wuyun', MA Haijun?, MA Mingyi
(1. College of Mechanical and Electrical Engineering, Gansu Agricultural University, Lanzhou 730070, China;
2. Gansu Tao River Tractor Manufacturing Co. , Ltd., Dingxi 730500, China)

Abstract In response to the shortage of soybean and corn compound planting equipment and low
mechanization level in the Northwest arid area, a soybean and corn compound planting combined seeder
was designed. This machine is composed of one rotary tillage device, one ridging device, one soil covering
device, one fertilization device, one frame, and one seeding device. It can achieve multiple operational
processes such as rotary tillage, ridging, fertilization, double film mulching, compaction, and seeding. The
key components of the seeder are designed and analyzed, the soil covering process using a discrete element
model is simulated, and the uniformity of the soil covering on the membrane edge during the soil covering
process is analyzed; The sowing performance of soybean and corn sowing devices was simulated using
DEM-MBD coupling, and the uniformity of sowing of soybean and corn sowing devices are analyzed. The
simulation results show that: 1) The number of soil particles falling onto the ridge surface due to jumping and
scattering is<1.3%; 2) The seeding device exerts a squeezing force of <10 N on soybean and corn seeds,

and the resistance of soil particles to duckbill is < 50 N. The field test results showed that the qualified rate,
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missed rate, and replant rate of the corn sowing device were 95.63%, 1.65%, and 2.72%, respectively,

while the qualified rate, missed rate, and replant rate of the soybean sowing device were 91.24%, 0%, and

8.76%, respectively. In conclusion, the unit operates stably during the operation period and has good

operational effects, which meet the requirements of soybean corn strip composite sowing.

Keywords soybean and corn compound planting; cropping pattern; soil covering device; seed metering

device; DEM-MBD coupling
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1. Corn plants; 2. Furrow ; 3. Overlapping area of plastic film;
4. Soybean plant; 5. Ridge body; 6. Geomembrane boundary.

B, and B, represent the plant spacing of soybeans and corn. R,
R,, and R, represent the spacing between maize rows, soybean maize
rows, and soybean rows, respectively. P, represents ridge height. Q,
is the ridge width.

E1 REEXRFKRESHE2IRKXE
Fig. 1 Diagram of the "2+ 3" pattern for soybean and corn

belt compound planting
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1. Water tank bracket; 2. Rack; 3. Rotary blade ; 4. Rotary blade
shaft; 5. Fertilizer shovel; 6. And wheel; 7. Drip irrigation belt support
frame; 8. Ridging device; 9. Earth lifting chain shell; 10. Drip
irrigation with lower guide wheel; 11. Soil lifting chain; 12. Film
hanging rack; 13. Film spreading roller; 14. Side chute; 15. Middle
soil chute; 16. Seed box; 17. Seeding device ; 18. Drip irrigation with
lower guide wheel; 19. Dust cover for soil lifting chain; 20. Bridge
transmission box;21. Drip irrigation pulley; 22. Fertilizer box;23. Three
point suspension bracket;24. Transmission.
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Fig. 2 Schematic diagram of the structure of the soybean

corn composite seeder
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Table 1  Technical parameters of soybean corn composite
seeder

ZH Ha
Value

Parameter

FALT CROXCHE X R/ (m X m X m)
Dimensions ( lengthXwidth>Xheight)

3.2X3.05X2.11

fid £ 2 71 /kW Auxiliary power 73.5~110.3
FE L # BE / (km/h) Operating speed 3.5~5
. KE,3;
1% #4720 Number of rows sown
Ek,2
B /mm S K2,300;
(71 /mm Space
P F K, 400
K EKAT H B /mm 00
Soybean corn row spacing
T AE i 58 /m Working width 2.3
K5 :3~5;
% A% B /mm Sowing depth
. & aep EoK:4~6
JiE BE U B /mm Rotary tillage depth 100~150
H 773/ (hm?/h) Productivity 0.75~1.62
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1. Power input shaft; 2. Rotary blade group; 3. Fertilizer box;
4. Ridging device; 5. Bridge transmission shaft; 6. Soil lifting chain;
7. Bridge transmission box; 8. Earth lifting chain wheel shaft; 9. Lifting
chain supporting roller shaft; 10. Transmission.

B3 XEEREAHERSEMIENRS

Fig. 3 Transmission system of soybean corn composite seede
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(a) Mill4™ Fertilizer shovel

(b) #£JE 4R Shaping roller
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1. Fertilization tube;2. Furrower;3. Shaping roller shaft;4. Shaping wheel.

L,, L,, and L, represent the width of the shaping roller groove, the width of the shaping roller ridge surface, and the width of the fertilizer shovel,

respectively; H, and H, are the shovel tip height and the groove opening height of the shaping roller.
B4 HMEFMERESEMTEE

Fig. 4 Schematic diagram of fertilizer shovel and shaping roller structure
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1. Fertilizer box;2. Left adjustment handle;3. Fertilizer box support;4. Large groove wheel plastic fertilizer discharger;5. Fertilizer discharge

SR HEIE 2% L HEAE B HE AT il 05 b 2% | BE AR 5 i
JE e 45 H DL AT 5

(b) M 5l Axonometric drawing

shaft; 6. Fertilizer feeder interface;7. Sprocket;8. Fertilizer discharge shaft coupling.

L,, L;, and H, represent the length, width, and height of the fertilizer box, respectively.
5 MERREEZEWN

Fig. 5 Structure diagram of fertilization device
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1. Side chute; 2. Middle soil chute; 3. Rack; 4. Chute shell;
5. Chute chain wheel shaft; 6. Soil lifting board; 7. Soil lifting chain;
8. Chute drag chain wheel axle.
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Fig.6 Axonometric drawing of soil covering device

[ o = /N
le}/lelHl

2)
Q.= }’lszHz

QUM HAL T kg QBRI 1 & kg y
N R, AHFFLHL 300 kg/m®; £, F 4, B A
+ KB, BC1 000 mm; B, N B BB+ G5,
40 mm, B,y JBE 3 78 4 58 BE M 30 m H O R BB
F R H20 m, Ho O B 8 + R 30 mm. H
R 2OHE M :Q =1.56 kg,Q,=0. 78 kg.

B+ B QN:

Q=4Q, +4Q, (3)

B 2D IHAT Q=9. 36 kg.
3.3.2 bBAXKE

S W UE A e Em S R B O ik
DL A 4 0K ) B e R B A O i B AR
S 4 mm (9 B3RO ORE , B A ok R v AR R A OC M R 4
fil 03 2

®2 BigBPERBEXIMEHERSE
Table 2 Contact parameters of model related materials

during soil covering process

&t S8 BH
Materical Parameter Price
. THA 0.4
+ e ik

5 Y] 4 /MPa 100
%%/ (kg/m*) 1364
THA 0.28
BAYIRE /MPa 3 500
2/ (kg/m*) 7 850
ilf 48 9k 2 7 B 0.21

Soil particles

BHAARE

Soil covering device

4
% . * i JEE R M 4K 0.68
Soil-Soil
By JBE 45 PN 4L 0.27
T R filf f2 K 2 R 4K 0.54
Soil- Soil covering i JEE 45 DR AR 0.68
device B JEE 45 IR L 0.27
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LN BT B, 8 W], £ is the discrete element simulation time. Fig. 8 is same.
1o )a 2. $2 46k 3. W LA 4. RHE0R .

1. The soil after ridge formation; 2. Soil lifting chain; 3. Soil chute ;4. Soil particles.
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Fig. 7 Simulation results of the soil covering process of the soil covering device
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Es BRTHEIETEINNEEREEETL

Fig. 8 Diagram of changes in soil particles and velocity during discrete element simulation
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1. Seed box; 2. Seed box fixing plate; 3. Driven plate; 4. Move the
duck's beak; 5. Seed box fixing plate; 6. Moving disc spoke; 7. Moving
disc flange; 8. Planter plate; 9. Thumbwheel; 10. Plating; 11. Seed

guide hose.
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Fig. 9 Structure diagram of hole sowing tray
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(a) Physical image of soybean
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Fig. 10 Physical images and discrete element models of soybean and corn grains
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Table 3 Material properties and contact parameters in EDEM

R 28 LIEIE] R 24 LVgIE]
Materical Parameter Price Materical Parameter Price
o AR H 0.23 B BT VR 2 R A 0.47

K TR B N K 5 -4h 5
B PIAE E /MPa 63 _ T EE 482 IR B 0.49
Soybean seeds Soybean-Housing ) )
W/ (kg/m*) 1290 By JEE 5 P EL 0.15
ER/gd 0.375 . flEfE 2 REC 0.072
F KA RL N KRE -t "
5 Y] # & /MPa 217 , i FEE 422 IR A 0.57
Corn seeds ) Soybean-Soil )
%%/ (kg/m*) 1250 By JEE 452 [H 4 0.155
TH AR L 0.28 MR R K 0.6
ot e EoR-E K .
, B MR /MPa 3 500 i EE 52 X A 0.5
Housing Corn-Corn B
% ¥/ (kg/m*) 7 850 o) JEE 45 1A 4L 0.01
THFA 0.4 flp i 2 REC 0.45
£ N k- Rl ?
B YIEiE /MPa 100 R 452 TR L 0.5
Brush Corn-Brush
%/ (kg/m*) 1150 3 E 45 A 4 0.01
N NER/NNA 0.39 N RE RS =% 0.6
+ 35 o T oK -Ah 7 N
) 5 V1B /M Pa 100 ) S 4 DN 4k 0.3
Soil . Corn-Housing )
¥/ (kg/m*) 1450 o) JEE 45 A 4L 0.01
il 15 K 5 7 A 0.3 N filf K 52 R EC 0.068
RKE-K& N K-+
iR 45 R B 0.39 . it E 52 R KL 0.57
Soybean-Soybean Corn-Soil B )
oy JBE 5 D 2K 0.17 2y JE 45 DA 8K 0.155
B il 45 WK 52 2 5K 0.45 N fif K 2 R 0.54
K- ~ ; sh e -t g N N
i P 15 TR K 0.5 . . T 458 TR KL 0.68
Soybean-Brush Housing-Soil )
2y JEE 5% [ R 0.01 B BE f5 K KL 0.27
1
A
" BN
/ Compressive force
Yﬂ 5 \ \ 49.87
(a,) =2.01's (a) =215 s (a,) =2.27 37.41
(a) K. Soybean
24.94
/4 12.47

) o N "

(b) =2.01's (b) =215 s

(b) K Corn
1. RO E; 2. REWOR; 3. 284K 4. B RIEFALE ; 5. EAKPkL; 6. &,
1. Soybean seeder; 2. Soybean granules; 3. Ridge body; 4. Corn planter; 5. Corn granules; 6. Furrow.
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Fig. 11 Simulation experiment on soybean and corn sowing process
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and P9 are the 9 duckbills of the seeding device.
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Fig. 12 Changes in Squeezing Pressure on the Duck Mouth of a Corn Planter and Soybean Corn Planter
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4 HiEKLe

4.1 K

RSB KK G TR 5 36 A0 LAY 7R M AR i
¥ T 2023 4F 4 A 20—25 H 78 H o Wk il #i $7 ML ) 1
AR FE PEAT IR 3 b 3 3E LA 5. 1 km,
JIt R K A RPN H B 307, ORI ER 20. 6~22.0 g, Fh
FERRIE 12 em, 47HE 30 em, # it 37. 1~39. 6 kg/hm?;
FOREFPON &34 R 33. 2~34. 8 g, Pl AR
P12 cm, 17 40 cm, & Ff & 24. 9~26. 1 kg/hm?,
FEDLEC & 3h 73l 110 kW A& JH 4 7 ML, Ji 9F 2 2
ITm/s, A1 2 m,JE0.01 mm ¥

4.2 KA ERER

TR I 7 o P, FH A& RO K 50 m, 58 B G 2
BLELAEIR 2 447 R A B3R, R o 4 X3 15 m.
K T A ORE ¥ R AT BORE RN 5, #% B GB /T 6973
—2005¢ Bk OFf %) #% B ALK 36 7 75 ) R NY /T
987—2006 ¢ %l JIEE 7C & HILAE b 5t £ ) 1 ZEOR )
FEFHLIY 25 70 TORLEA B R 1% Fh R JE A 4 %
JHE A A% R W RS AR R A R
HAEFE OHLE I AR 25 R 0% 4, iR ge a5 R A
54 GB/T 6973—2005¢ 5L k7 OFf %5 ) # Fh ML 58 7
)P NY/T987—2006 &l 5 X #& HLAE b i
H)YPRER

F4 HEBABEREER

Table 4 Field test results of machines and tools %

2R

Parameter

R AH Test value —r—

e

23 7% Hole rate

TORLEL A K 7R Pass rate of hole number

B AR A& 4% % Qualified rate of sowing depth
FCHE A 4% % Pass rate of hole spacing

5% 300 B A

Qualified rate of membrane edge soil coverage width

I i 4 R A A

Qualified rate of membrane edge soil cover thickness

K& Soybean Tk Corn  Standard value'™ ™
0 1.6 <2
90. 8 90. 4 = g5
89. 2 85.6 = g5
9.2 96. 8 = 90
97.6 97.6 = 95
97.6 97.6 = 95

5 HERIE

AHEGE B T K G FORE A iR B R R 2 E R
BB, i T — PR R ORE G R I G R
T AL, X6 ML L OC S R M 35 2 22E 47 45 4 i 2 40t
IV EDEM #1435 4 2% 8 i 47 05 B0, iiF 98
R e B B A 50 R FH DEM-MBD £
SO NICAE P/ St YRS L U i e TN TN
RS FUESS gy Bl d

U5 FL45 F A2 00, 58 DR Bk RN ik 40T v 2 28
10 R B << 1. 300, K Pl g X R TR K BT Y
JEJ1=<<10 N, - 1 JoUki %t 5 6 () BH 7 <<50 N, % 1
I e IR ) 7 T ORI 22 R K T R K R
T 3 Bl X K TN T K Rl B - R X
8 W ) % T 1 3 /N N SR K G R KRR T
N 23 3 B W (5 7, HLEL D RE /I . T RS 3R
B, R 5 K 5 A Bl IE A5 496 P AL 1 i) 38560 4 A 34

54 GB/T 6973—2005¢ B ki O 285 ) #& AP ML 58 T
)P NY/T987—2006 ¢ i 5 7% 4% HL 1E b Jit
FEOPRER AR A R S s R AR — 5
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