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Design and Experiment of Integrated Machine for No-till Precision Seeding
and Straw Mulching for Corn and Soybean Strip Compound Planting
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Abstract.: For corn and soybean strip compound planting mechanized sowing process in the field of large
amount of straw, substitute equipment sowing quality was poor, low operating efficiency and other issues,
the design of a post-harvest stubble land conditions at a time into the ground can be synchronized to
complete the “clearing of straw anti-clogging seed bed finishing — corn and soybean sowing fertilizer —
straw uniform cover” integrated machine. In accordance with the agronomic requirements of corn and
soybean strip compound planting, the structure of the integrated machine was designed, and its working
principle and corresponding technical parameters were given; according to the agronomic characteristics of
corn and soybean strip compound planting, the lateral spacing of the straw clearing assembly in the straw
clearing and mulching device was determined through theoretical calculations; by combining orthogonal
experiment and discrete element simulation, simulation analysis and parameter combination optimization
were carried out on the structure of straw clearing and mulching device, when the operating speed was
9.9 km/h, the rotational speed of cutter shaft was 625 r/min, the number of helix heads of the straw
clearing assembly was 3, and the inclination angle of stubble spreading control plate was 90°, the straw
clearing rate was 91. 03% , the mulching uniformity was 87.05% , and the equivalent power consumption
was 9.79 kW ; adopting the single-factor experiment method, the whole machine field performance
experiment was implemented in the corn stubble land with 1.48 kg/m” residue of crushed straw after
machine harvesting, and the results showed that when the operation speed was 7.2 km/h (to ensure the
normal work of the seed dispenser of the experimental prototype) , the grain spacing of soybean was 8 cm,
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the grain spacing of corn was 10 cm, the depth of the knife teeth in the soil was 50 mm, the machine

passed well, the qualified index of grain spacing of soybean and corn were 79.50% and 88.66% , the
index of reseeding were 4. 03% and 3. 66% , the index of leakage of seeding were 16.48% and 7. 68% ,

and the coefficient of variation were 28.49% and 21.31% , respectively, and the qualified rate of sowing

depth of soybean and corn were 90% , the qualified rate of fertilizer depth were 80% , and the qualified

rate of horizontal spacing of seed and fertilizer were 80% , the uniformity of straw covering was 88. 97% ,

and there was no seed drying phenomenon in the field after sowing. The research results laid the

foundation for the development of the integrated machine for precision sowing of corn and soybean strip

compound planting and the popularization and application of technology of corn and soybean strip

compound planting.

Key words: corn and soybean strip compound planting; integrated corn-soybean precision planter;

clearing and mulching straw; orthogonal experiment; discrete element
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Fig.1 General structure diagram of integrated machine
for no-till precision seeding and mulching of corn and
soybean strip compound planting
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Tab.1 Technical parameters
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Tab.2 Soybean and corn spacing
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5 0. 65 89 5 1.48 107
6 0.77 75 6 1. 65 96
7 0.89 65 7 1. 81 87
8 1.01 57 8 1.98 80
9 0.76 76
10 0.90 64
11 1. 04 55
12 1. 18 49
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Tab.3 Simulation test factors and levels
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Tab.4 Material parameters and contact parameters
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Tab.6 Analysis of variance
7 2% Fi
AN 45 b -5 il ¥o7 F p
RN - - .

R 759.56 12 63.30  28.29 <0.000 1

X, 2541 2 12,71  5.68 0.0156"
X, 8.45 2 422 1.89  0.1879
e Xy 16411 2 82.06 36.68 <0.0001"
X, 496.75 2 248.37 111.02 <0.0001*
XX, 64.84 4 16.21 7.25 0.0022*
Wz 31.32 14 2.24
M 790.88 26
iRl 957.97 8  119.75 179.97 <0.000 1
X, 3.69 2 1.85  2.78  0.0890
X, 478.26 2 239.13 359.39 <0.0001"
WREAIE X, 224011 2 112.05 168.41 <0.0001*
X, 251.91 2 125.96 189.30 <0.0001*
w2 1198 18 0.67
M 969.95 26
(b) 100 = AR AL L B 1521.35 12 126.78 91.37  <0.0001
PO i R AR 2 B E X X, 3850 2 19.25 13.87 0.0005°
Fig.9 Straw clearing rate and mulch uniformity X, 2.77 2 1.38 1.00 0.393 9
measurement area %/'i__iyjﬁ X? 179. 66 2 89. 83 64. 74 <0.000 1 sk
£5 FEHAREHE5ES X, 1253.66 2  626.83 451.74 <0.0001*
XX, 46.76 4  11.69 8.43 0.0011*

Tab.5 Design and results of simulation experiment
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17 4 9 5.4 625 9431 90.90 7.77 IFE, |\ BRI E, KM ETIRLAN RET
18 4 90 -9 900 94.78 91.15 22.61 PEDR 31 VL 350K I vk 2D B e £ Sk B, kD T
ol e e e P BB B AR o K A U O A S5 005 3 Design-
20 5 0 14. 4 350 82.29 71.21 6.21 Fxport 8. 0. 6 B S5 BB 45 BAI% 7 B
2005 0 5.4 625  94.65 80.45 8.50 pert . U. AT Z ) ZH o
2 5 45 9.9 350 86.84 78.11 5.23 AL gl 8 2 W fb 4538 1 R RS 2. 81
BB 14.4 625 89.56 78.09 17.01 Ho o ERE ST 3. 89 AN A (H Y 5 ) FE
2 5 45 5.4 900  96.01 89.44 17.09
H B AV 4 5 A Al & VA ke 52 A
5 5 90 9.9 625 92.14 87.36 12.05 P 151.92% fb g5 3 3 Al b gl SR 1 155 R K%
26 5 90 14. 4 900  94.45 88.99 27.25 R2.22 N E N ERE S ERRAC3. 47 N E 08, Y
27 5 90 5.4 350 90.44 88.55 3.10 BEEELES 55. 27% EAL B R s 83.33%
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Fig. 10  Patterns of effects of factors on evaluation indicators
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Tab.7 Optimization results
i3S TN 18 b
T X,/ X3/ X,/ Y,/ Y,/ Y,/
X, -

(°) (km-h™") (r-min~") % % kW

1 3 90 5.4 625 93.07 90.39 6.26
2 3 90 5.4 900 95.88 94.28 15.77
3 3 90 9.9 625 90.85 86.92 9.72

AR W AL S B A N I8 E £k Sk B 3 L5k
AR A A 90° AEME S 9. 9 km/h U] il
# 625 r/min,

FEWLUR T oK R E b EAT AL S 50l A
FRRIIG R . 06 MR FR AR B 4 1. 57 ke/m’, B
- 34 15 BE 40 em,5 em 3 i K% 20.78% , +-
g I Sz EF 0.98 MPa, 10 em + HE i & & K &
21.36% , + 1 R 5L 1.39 MPa, 5 E 45 3 0 15 7%
#91.03% JEFEA5) B 87.05% 45 IN#E 9. 79 kW,
B AR S AR G U] T A R SRk
4 HiE e RE
4.1 K& H
RIS TF 2023 45 H 21—22 HEEL b4l k2%
I B3 96 5 b, St , 7E B WA 28 A R RS FE AR B i
1.48 kg/m” iy K J5 75 M oF 473K 56, i 50 8L 35 W
11 iR X5 LK 50 m, 56 8 8 A HLEAE L1
52LUREES em LT KR 21, 34% , - HEUR SR
0.92 MPa, %€ 10 ecm +3EE 4 /K% 21.91% , +
B STRE 1. 35 MPa, 00 3 A5 MAL B4 46 : B A
ARG T S BPRG 1 R0 B RS — AR BL R 40 1204
RUHERLAL | AR X T4 (PV6. 08 B BT %8 BH 74X .
B IR ORI AN RO B A AL S . K G
e B 84, oK AP I KR 9 5

& 11
Fig. 11

4.2 RWHZE

K R A 56 Jr vk, DAAL L1 L 3 S A
F UL o Ve R R A PR B R R R e I TR
BE R K P ) B RS S0 RE R IURT 3R O 1E 0 48
bR, ¥ B NY/T 1768—2009 ( 4 #f 45 Fl L 57 &= 2F
FARIAE) L GB/T 6973—2005 ( B hr (K % ) # Fh
PR SS J5 ) NY/T 500—2015 (F F ¥y i ik H AL
PR BT i ) A T/CAMA 21—2019 ( 4> % A 75 Hb 3t IX.
FEFPAL) S bR o, FE 47 H& ML ) M RE K08 . E R 4
ASVE L AR & 00 AL G A M JE 4 AR L A
EHARTE M e bn . B RO AR g R
Z400, b e i g6 A ML AL A = HE R 2 4R ol R
Febe MR 4% 5.4 7. 2 km/h #4708, BRI

(1) HLE 2

BeE A 1A A B IE 50 mm, R R G b 1 K
JEE W A5 4y LR DU TRV 3k 5 3 a6 b, 25 L R
KVELE 4 WOk E 0k 5 28 IR R
B SE RN TCIE ORI, FLE B — R B T 2E sl o 3
FERDL A B HE

(2) #Fh 38 5) 14

BB KGR 80 mm | EKKIH 100 mm, #EJ5
FE A 30 m g ARl X R 250 kAR B4

FE i) 44 i 1 3

Field performance test



210 | 1 R = 20254
BEE 3 WA R AR5 ERE A IR 48 5k KR8 KREMERBHHIENESR
e Ar 2= Tab.8 Measurement results of soybean and corn
(3) PR B il A % 3 1 o B K ST ] B sowing uniformity %
BWE R E ISR 4 cm, TR FE R IR mﬂmw%/ P RE 3 b
J 5 em , BE AL E 10 em, #00 5 em i AR . #E 5 (km-h"') GAfdRBC WAEH RAEEE AR
A A 52 B3PV ) BERL R S A AL AT y ﬁg ;z ;ﬁ jg
H\TF A 8 05 T VR IE K B VR os o ou e
it AE TR B R AE AR . A R 2B 3 ~5 em | R 251 84. 47 6. 83 8.70 22.32
EARIEER 4 ~6 cm JEALRE 9 ~ 11 cm  Fh AL 7K 5 4] KE 79. 45 3.63 16.92 28.63
PE 4 ~6 cm JEHE 7.2 80. 22 3.51 16.27 27.73
(4) B REA R 78. 82 4.94 16. 24 29. 11
§ ; \ e i P T HME 79. 50 4.03 16. 48 28. 49
I P 4 o1 R 47 i . T
TEHCS A0 DA (T mx 1m0 5 DX 3 P 5 5.4 91.36 3.92 4.72 18.25
I RS E, 90.79 4.18 5.03 19. 45
(5) Bk " SE A 91.07 4.15 4.78 18.41
%>
& )5 7E P [A) B2 e 7 R X BEHL BEH 3 A~ € X 88.22 339 8.39 20.36
S, AT XA S m, B PR R B . SR "2 ﬁi x; 22 ;z
PSEESIEAUE S 28 T i 4 'E e (PR kS I we ae re o

Kb R Ok AR5 0N

n,
p=—x100% (15)
n,
K p——BFF, %
n, W DX P R £
, —— 0 X P 3 8

4.3 HBRERKRSH
4.3.1 HLHEEE

TEJT A B 50 mm Z5 £ R, ARl 3
5.4 km/h 7.2 km/h B, 3595 1 BRI B 2E b B2
2 AR ZENE DL, B0 R B0 R A U0 T A
A RN RS AOCR B3, LR G R, MR
FE .
4.3.2 FEFPYEIHE

R 1 K 6 A 2 S I S 45 R N 3R 8 R
(A% 3 SN I NITANG P & A R i E =R GV N
R RO/ A6 15 BOBOR , A48 S 2R BOBOR s B A
OKRLIE A M 18 B0 R R, A U R R R
ARG BB R TR, AR 7.2 km/h K E
KilE 8 em B KKIFE 10 ecm B, K& . E KB IE S 4%
T8 HC I B h 79.50% | 88.66% , T 45 B 4> Wl
4.03% \3.66% , I # 45 K0 4> ) K 16.48% 7. 68% ,
AR S RSN K 28.49% (21.31% , K TR E K%
ol - 1 BB 4 b 249 328 ) 1] SR o 1A 468 KT
4.3.3  REFPIRIE i I R R AN AL K S [E] BE

378 ol R R it RS YR Rl A 7K ST i) B I 5 SR
W9 7R o R HE Bl TR BE | 5K 6 R B2 L i A
TR L A W 3 AE S (R A Ml 3 B2 TR A ], i AE 7K S 8] B

R ETIRE AR R R0 AL K T 8 BRI E 45 R
Tab.9 Determination of sowing depth, fertilizer depth

and spacing between seed and fertilizer levels

PRl g/

KEHE FR$E  EE

I K

ha=2 RS, PR/ W/ TR/
(km-h™")

cm cm cm cm
1 3.6 4.4 9.6 5.2
2 3.5 4.8 10.2 4.8
3 4.3 5.0 9.7 4.6
4 4.7 5.4 10. 4 3.2
5 4.4 4.9 11.2 4.9
6 4.2 6.5 9.7 5.5
7 4.3 4.8 9.2 5.0
3.4 8 3.4 4.7 9.6 5.2
9 5.1 5.0 13.2 5.8
10 4.5 5.5 10. 1 5.3
T {E 4.2 5.1 10.3 5.0
T ofis 22 0.5 0.6 1.2 0.7
A5 RE % 13.0 11.5 11.7 14.0
B % 90.0  90.0  80.0  90.0
1 5.2 4.9 9.7 6.2
2 3.2 6.1 10. 1 3.2
3 3.5 5.2 9.7 4.5
4 4.5 4.8 10.5 5.2
5 4.0 5.1 1.1 4.2
6 3.5 4.8 11.3 4.9
7 4.2 5.3 9.7 5.5
7.2 8 4.4 51 106 5.3
9 4.8 5.3 10.7 5.5
10 3.8 4.4 10.7 4.4
S 4.1 5.1 10. 4 4.9
bl 22 0.6 0.4 0.6 0.8
SRR % 15. 4 8.8 5.8 16.3
B ) % 90.0 90.0  80.0  80.0
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B b B AR b 3 B B RIS . VBV B 7.2 km/h
B, KT IR AR 90% , T AKRIBIRE S 90% , i
NE TR BE G 4 R 80% , Tl I 7K F- 8] BE A5 4% % 80% , 4%
TG 223K 3 [ 58 hR 1 — 55 il K- (=85% ), 1 Fil
FURVE L RRE 45 T HILAL XoF b 2 2 FR 8 7 77 3, 496 7%
— BB AF i 8 7 B R AR A G A A R K
Ffi—F 3% 4345 DAL R

4.3.4 HFES)

ARG SIBE D 5 25 R 3R 10 TR o RS 50 B bl
VBl 38 B 5 i R o AR # B 7. 2 km/h B, B FS
SR 88.97% it AT ML bR . T F AT A B 1
BRROR B3 WS K ATERS A IR A L
TEIR R, Ry R G R K RO T A

®10 BROEMNEER

Tab.10 Measurement results of straw mulching

uniformity
PP #EE/ (km-h ™) i H BRI BE/ %

1 90. 32
2 90. 19

5.4
3 90. 42
SEHME 90. 31
1 89.05
2 88. 84

7.2
3 88.02
S 88.97

4.3.5  [gifrR

3 55 UL D35 4 SO 80 B 4 PR FF 1 0 ok
S5 SLIBORE S0 8 65 A% TR 2 2 U VSR

35, S O A b I o R PR A% 1 A S0k S i T
VEAETEAT L TRV 5 TR A 98 B2 /D o] ROR 45 3
BURARE ERE SR BURRCR Y, DEREE S R
L I R I S @i AR - € L

5 it

(1) BT —Fh £ Gk R 52 A Bl e HERS it 7%
T 78 G — MRAL, 7 R 25 R R, — uk it b mT ] 25 5
B3 G B 3 R R AE 2% B GRS TSR RO AE R FE X A
HaEZIE,

(2) 87 T R R 4 B R AT R e WO
B AD A5 BV R A R L S B A o R 4R
A3 BRI AR5 90° AR 9.9 km/h
JI G K 625 v/min,, ]2 45 56 TE R 16 J5 0 7 R
BRI B VE R RN 91.03% RS 51 K 87.05% |
MEIFER 9. 79 kW,

(3) HI T4 g ik 00 25 53 3¢ B, 78 AL A0 28 00 1R
FREE B o 1. 48 ke/m” FRJFEAEH 41 F , 4R
B 7.2 km/h KR GREE 8 em , EKHRLHE 10 cm , J]
WA TEE S50 mm B, HLEE SR, KE . EXK
i 5 A K 8 B4 Bl 79.50% (88. 66% |, T 4% 45 ¥k
A3 4.03% 3. 66% | Ui 4% 15 B4 A 16.48% |
7.68% A5 S AW N 28.49% 21.31% , K 5.
FRIB A 90% |, it JE VR FE A5 4% % 80% , i IEE
IR TR1 R A% 5 80% , 7 FE 21 & 88. 97 % , #% Ji H 1]
TCWRF LG o 45 T0LFE b i & K F KA R A Fhil
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