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Design and Experiment of Cleaning and Anti-blocking of Front-mounted
Seed Bed Preparation Device for Grand Ridge with Raw Stubble

CHEN Haitao WEI Zhipeng SU Wenhai HOU Shouyin JI Wenyi SHI Naiyu
(College of Engineering, Northeast Agricultural University, Harbin 150030, China)

Abstract; In order to solve the problem that part of the planter could not normally sow in the area with
heavy straw mulching in the cold region of Northeast China, based on the principle of 2BMFJ — DI4 no-
tillage precision planter in the primary stubble field, combining with the wide and narrow row planting
pattern of 1. 1 m large ridge rotation of corn and soybean, a kind of front-mounted seed bed preparation
device for primary stubble field was designed. The front-mounted seed bed preparation device and the
active seeder constituted a no-tillage and seeding over straw compound operation machine, which can
complete a number of functions such as seed bed preparation, straw moderate crushing, no-tillage and
seeding, straw mulching and returning to the field. Through theoretical analysis and computer simulation,
the structure and hydraulic system of the device were designed, and the range of the key parameters of
operation was determined. The results of hydraulic system analysis showed that the synchronous
performance, speed and torque of the actuator of the hydraulic suspension system and the hydraulic drive
system all met the technical requirements. Using Design-Expert 8. 0.6 software and three-factor and
three-level orthogonal test method, the field experiment of parameter combination optimization was carried
out, with the operating speed, the rotation speed of the blade shaft of the seed bed conditioning unit
group and the penetration depth of the blade of the seed bed conditioning unit group as the test factors,
and the straw clearing rate, the overlaying straw uniformity and the rotating power consumption of the
blade shaft of each seed bed conditioning unit group as the evaluation indexes. For straw clearing rate,

the order of primary and secondary effects was as follows:; operating speed, penetration depth of the
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blade, and rotation speed of the blade shaft of the seed bed conditioning unit group. For overlaying straw
uniformity, the order of primary and secondary effects was as follows: rotation speed of the blade shaft of
the seed bed conditioning unit group, operating speed, and penetration depth of the blade. For rotating
power consumption of the blade shaft of each seed bed conditioning unit group, the order of primary and
secondary effects was as follows: operating speed, penetration depth of the blade, and rotation speed of
the blade shaft of the seed bed conditioning unit group. When the parameter combination was the
operating speed of 7.2 km/h, the blade shaft rotation speed of the seed bed unit group was 600 r/min,
and the penetration depth of the seed bed gear was 30 mm, the straw removal rate was 91. 03% , the
overlying straw uniformity was 92. 61% , and the rotation power of the blade shaft of each seed bed unit
group was 7. 96 kW. The performance met the production agronomic technical requirements. The results
provided technical support for improving the utilization rate of seeder and the popularization and
application of the mechanization technology mode of no-tillage and straw seeding in the original stubble
field in the areas where the total amount of corn straw returned to the field.

Key words: conservation tillage; corn stubble land; seed bed preparation device; remove and mulch
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Tab.1 Major technical parameters

S8 B1E
AMERSF (K x 96 x )/ (m xm xm) 4.5x1.9x1.6
[ESTIPIAN 130 ~ 190
BHLF R/ kg 2000
WE RS %1/ MPa 25
ZEFE/m 1.1
TAEBRFE/m 4.4
FEMVHE R/ (km-h 1) <7.2
TV (romin~!) 400 ~ 600
A TR EE/mm 30 ~50
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Fig.2 Schematic of precision sowing and straw

covering operation no-tillage unit
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Fig.3 Schematic of seed bed preparation unit
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Fig.8 Schematic of transmission system

AR > R ], AR IR T ok e i il A seke 3 g
B 2 AASHEAR N, A2 AR 28 1 e v J5 3R 2 3 Bl
PRIl 2y [ ek 3= gl e A3 i 6% 1% sk 3 g A4 4
2N 4 ATl R g BT AL ) I R AT R R R
& TAE,

R Fof PR 26208 B T A D M AL AR AL
e P SR B TE R R G B A 9 By
ARUEL W R G W R AR R R R Bl
RGEPIH oy, H AT B R G R B, W
YREN RGP Sk IR, T R G AR, B
Yt U R 30 P i A, AL 3 i B sl
B3 NNV NGO R b e N BN LA
A A A7 DU P A 1 R, 2 P YR A i XU AN
FEL R, 9801 7k DA FRL B8R 1) 1 o 37 R 9 A, W
SHINFRRELICBIAE 24 L IR A8 1) 1 A 0 30 P
CORRRTH NGRS/ M EZN: R = NI L BT AN S
U PR A AR (R TG AT IE , HE Sl 15 2E 0 1 8 i i
BURE T RLAT 42 TH 3l 1, I 2 2R Fi 0 v O 1 A T
L WG AL TIF SRS, Ml R 25 25 B A U 77
PR TEE A E R, R GL 2818 S F h an
SR R T I 1 P U 70 DB s R i 0 980 G 5% 2
R BE PR AN AL, PR B 2 2 B R T B E
2 R YRR 1] R A 0 P i R 0 LIS 8 il A R
TR 1) R 2 0 2873 3 W AV S 38 0 B ak
SRl PR 25 LT T e S P R B 45 TAR . 4T
XA AP PR, AT LA SE Ao 3 755 8 3 AR 5.7 457
TR B TR SRR B 5 A 1 R

AP ToCIE TAR R Bl 223 S 18] o F

K9 kARG
Fig.9 Schematic of hydraulic system

LRER 2. BmiE 3.%ER 4 BEGGERKR 5.7 A3 K
6. HTRARINI Y 8. FBEERIG 9. AP URAR M 10 11 IR RS

12,7030 1314, RSk 15 19K
AREFRZR LG BB VPR G TAE K J1 08 25 MPa,
A LA T RT %0, 24 TAE S KT 20 MPa B,
G AT HAR SRR AR 1 71% RS N T
X

D _J 4F, (5)
v '“'771(171 -0. 5P2>
AW D,—WEE NE, mm

F,—6 %32 B A RN
p—— W EAL TAEMEIE 7, MPa
p,—— WAL I T 77, MPa
N, — IR R R RCR
WE S ik HER IR
_2wM,,
- m4p,
KL g, —WED AR, mL/r
M, —% A N -m
Ap, — ik E J) 25 ,MPa
n,— T B HURRCR
ARG ER N —NRUE DR IR 8l 2 AN Fp R

qn (6)



56 B I R = -

2021 4

I, W Sk AR O

M, =19 100% (7)
Rl Py RS EAL AR TR
HEFE % 1B kW

H TR REE 2 TAEFIRN R £  8  R FHA
[ - SR BP9 1y N w0 X1 = LRV
FEA R

Qp :2qmnmm y
A Q—WER G, L/min
W Sy iR %6 | v/ min
N, E IR A BRCR
m,— FR G5 T R U R AR 2

R 4l A7 2 AL A A% BR A7 B8 Y (6T 3% 7 17 4 AT
L BRANVRRR GRT die RHE T3 B2 R BR O 68. 35 kN, HiR
WEHTTY R 0. 2 MPa, Z0% 2 0. 85, £&30(5) i
WEGL A A2 80 mm, 1 ZEAT EH AR 56 mm,, FHAHOCHE
FEGR AT B b R A5 PR OT2H T AR I TS #E
eI ERR P, 10 kW2 R Sk LSRR
90,92, 25T K 0. 94, 7EF RN 0. 2 MPa 34
600 r/min B, 13 (6) . (7) ATAHRUE S isHEE N
100 mL/r, ZRGeilttis Aias i i R 50k 1.1, 3 (8)
AR R HEE N 140 mL/r,

3.2 fAESWH

MG E R G0 BB E #E AMESim H 37 {1 FAR
YT G 10 FiaR AR EE ST 58 U N 45T
VEPE G TG () TR | JE AR T A REAC TR MU T
TR 5510 45 05 ELRE R N S50, F 2 S4L
k2 iR,

10°? (8)

nm

1T

10 ¥ R G AR

Fig. 10  Hydraulic system simulation model diagram
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Tab.2 Main parameters of hydraulic components

S8 Bl
R/ (mLer™h) 140
FHERKHE/ (romin~") 1000
PR 5 Fif/ (Lomin~") 140
PR 7 Hidt/ (Lomin =) 20
e 16 B HFAE S 82/ (L-min =) 140
BRI AFAE R/ (Lomin 1) 20
Vi 7t R 20 47 )./ MPa 25
R AT %€ AR/ mm 80
VR BTG ZEAT B A2/ mm 56
WEHLATFE/ mm 180
Sy TR ARV I 1 ZE FL A/ mm 10
U R 1% € LA/ mm 20
TR T IR B0 E 5534/ (romin =) 1 000
TR DA HERE/ (mLr ") 100
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Fig. 11  Displacement curves of hydraulic cylinder piston
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Fig. 12 Speed and torque curves of hydraulic motors
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Tab.3 Factors and levels of experiment

SES
K FEl B E/ T1 e/ AL/
(km-h™") (remin~") mm
1 5.4 400 30
2 6.3 500 40
3 7.2 600 50

RIS PEA HE PRl & A

(1) iERH

TR IR VR IR 58 N Rl R HE 25 B0 2 TAE X
SR AR T i AR R R ) B A 5 R AR B
28 DI PR R T s 0 0 SR o, AR R 2B S 8 4y
P A28 5 -2 5 B8 ff 0 B SRR A B Y LR
1mx0.5m,

(2) RS B

Z B NY/T 500—2015 ¢ FsFFA iR HHLAE D B
Y WIS TEFE S E RS, e ik B AP 55
DX FH LA A S AN A (1 m x T m) , AT B4
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(3) M UFE x4 HBRARELER
MR IR AN RR Eﬁk% $Eéﬂjj?ﬁh)j}z§§ﬁ§ik Tab.4 Experimental scheme and results
HFRER I %, 2 I T/CAMA 14. 3—2020 42\l HL e LES CE LGRS )
Pl BRI AT 58 3 545 46 AR B o R SR N
s 1 1 1 1 92.57 90.40  4.80
(ZH) YIEATIN R | 38 2 VR S 3k A e sl A T A e ) ) | ) s 0530 o197 630
ZIEAR YRR 3 | 3 3 0691 9579 810
:Apmqmnmn2 (9) 4 2 1 2 92.33  89.63 6.12
1.2x10° 5 2 2 3 94.17  90.79  7.66
e Y—‘iiﬁljﬁé% KW 6 2 3 1 92,32 93.61  7.00
L3 ARSI S
ﬁ?\ﬁf% HSRNF 4 TR, I3 RS o 3 aa eas ense s
25 Wi,
K5 AEREDWER
Tab.5 Results of variance and range analysis
Ei=t1 FERIE M HE  HF F P k, ky ks R fRALKT fhikdl s
A 25.31 2 12.65  355.36 0.0028* 94.96  92.94  90.85 4.11 A,
B 5.94 2 2.97 83.33 0.0119* 91.8  93.05  93.84 1.98 B, A, B,C,
Mg R c 9.59 2 4.79 134.61 0.0074* 91.50  93.33  93.92 2.42 C,
hk2% 0.071 2 0. 036
Jevill 40. 90 8
A 3.36 2 1.68  151.40 0.0066™ 92.05  91.34  90.56 1.49 A,
B 22.18 2 11.09  1000.04 0.0010* 89.49  91.15  93.32 3.83 B, A, B;C,
RS c 0.50 2 0.25 22.41 0.0427* 91.56  91.39  91.00 0.56 C,
Gk 0.022 2 0.011
Jevill 26. 06 8
A 4.28 2 2.14  176.38 0.0056*  6.40 6.93 8.05 1.65 A
3.66 2 1.83  150.96 0.0066"  6.37 7.07 7.93 1.56 B, AB,C,
MR c 4.04 2 2.02 166.30 0.0060*  6.35 7.04 7.99 1.63 C,
B 2% 0. 024 2 0.012
JE¥ il 12. 00 8

W« RREREF(0.01 <P<0.05), #x F/REZWEE(P<0.01),
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N



2510 ) PRV 55, T E KRB R AR &R B R 58 59
6 WIEKBER B AR PR ZBER

Tab.6 Verification experimental results (2) VS SES R A S AN YL N RS
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