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Design and Experiment of Strip Rotary-cut-throw Anti-blocking Implement

ZHAO Hongbo' HE Jin' LI Hongwen' LIU Chunge’ ZHENG Kan' ZHANG Zhigiang'
(1. College of Engineering, China Agricultural University, Beijing 100083, China
2. Chinese Academy of Agricultural Mechanization Sciences, Beijing 100083, China)

Abstract; According to the existing problems of no and minimum-till wheat seeding in maize straw
covered field in double-cropping system area in North-China Plain, such as residue blockage, high power
consumption, a strip rotary-cut-throw anti-blocking implement was developed. Integrated with the
principle of anti-blocking implement, the distance L between opener and the anti-blocking implement,
sliding-cutting angle 7 of the plane-straight blade and rotary speed n were found to be the key parameters
which affected anti-blocking performance and power consumption through analysis in terms of residue
flow/throwing and mechanical analysis of the implement. Orthogonal experiment was conducted by DEM
simulation to optimize the parameters of the implement and analyze the key parameters’ effect on residue
blockage and power consumption, the result showed that when the distance was 100 mm, cutting edge
was 50°, rotate speed was 320 r/min, which were optimum parameters set among the trail points, power
consumption of the strip rotary-cut-throw anti-blocking implement and the opener was 2. 8 kW, blocked
straw number was 43 in one dm and it could not cause blockage, and then strength check was conducted
for this optimum blade by using finite element method and the maximum stress was 1.387 x 10° Pa of
which was safe. Field experiment of wheat seeding was conducted on a no-till maize straw covered field,
the result showed that strip cut-throw plane-straight blade anti-blocking implement could effectively solve
the problem of blockage almost as good as traditional rotary blade under straw coverage of 0.8 kg/m’,
1.6 kg/m”> and 2.4 kg/m’ at travel speed of 1 m/s, 1.25 m/s and 1.5 m/s, which satisfied the
requirements of national standard of no-till fertilization seeder. Compared with strip-rotary implement,
power consumption was reduced by 13.83% , soil disturbance was reduced by 37.5 percent points and
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furrow depth stability was improved by 8.2 percent points. The error of DEM simulation to field

experiment in furrow width and depth was 14% and 1.3% , which was tolerable, and the simulation

could be referenced to the optimization of strip rotary-cut-throw anti-blocking implement.

Key words; wheat; no and minimum-till seeder; plane-straight blade; rotary-cut-throw; DEM; anti-

blocking performance
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Tab.1 Key parameters of sandy loam soil model
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Tab.3 Experiment scheme and results

e ] BE HERoIbE] B — AxC y R AT 4038 B/ Uik

A B (R -dm™") P/kW

1 1 1 1 1 1 1 68 2.51

2 1 2 2 2 2 2 53 4.55

3 1 3 3 3 3 3 40 7.31

4 2 1 1 2 2 3 46 3.35

5 2 2 2 3 3 1 42 5.02

6 2 3 3 1 1 2 59 2.57

7 3 1 2 1 3 2 57 2.61

8 3 2 3 2 1 3 43 2.80

9 3 3 1 3 2 1 37 5.33

10 1 1 3 3 2 2 37 4.04

11 1 2 1 1 3 3 59 2.46

12 1 3 2 2 1 1 50 3.50

13 2 1 2 3 1 3 36 4.89

14 2 2 3 1 2 1 57 2.38

15 2 3 1 2 3 2 44 4.05

16 3 1 3 2 3 1 44 3.10

17 3 2 1 3 1 2 31 5.57

18 3 3 2 1 2 3 51 3.94
k, 51. 11 47.89 58.57
S k, 47.33 46. 94 46.22
ks 43. 44 47.06 37.27
W 2% 7.67 0.83 11.3
k, 4. 06 3.42 2.74
e k, 3.71 3.79 3.56
e ks 3.89 4.45 5.36
e 2 0.35 1.03 2.62
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Tab.4 Variance analysis of factors’ effect

on straw blockage

W TESEIFAL B R 77 F Sig. fil
A 540. 704 2 270. 352 9.819  0.000
B 26.704 2 13.352 0.485  0.620
C 2 843.593 2 1421.796  51.639 0.000
AxB 34.704 2 17.352 0.630  0.538
AxC 84. 481 2 42.241 1.534  0.229
BxC 231.259 2 115. 630 4.200  0.023
R 2% 1018. 741 37 27.534

Bt 127 530. 000 54

x5 RBREFEHIEZWMAESNT
Tab.5 Variance analysis of factors’ effect
on power consumption

W MESFM AW Br F Sig. {H
A 1. 555 2 0.777  2.136  0.133

B 7.350 2 3.675 10. 094 0. 000
C 49. 465 2 24.732  67.935 0. 000
AxB 1.222 2 0.611 1.678 0.201
AxC 2. 888 2 1.444 3.967 0. 027
BxC 4.076 2 2.038 5.598 0. 008
R2E 13.470 37 0. 364

Bt 915.993 54
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Fig.7 Determining of furrow width and depth
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Fig.8 Working process simulation of optimum parameters
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Tab.6 Verification result of optimized design

K AR ; ;
WFE/KW W /em BT/ em
5 (H-dm™")
1 42 2.6 7.5 5.5
2 43 3.1 8.1 5.9
3 43 2.7 7.6 5.6
B 43 2.8 7.7 5.7
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Fig.9 Finite element statics analysis of rotary-cut blade
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Fig. 10 Filed experiment
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Tab.7 Field experiment result of anti-blocking

performance

VAN S Fii U9} ¥4 AP b/ (kgom %)

B (m.s™') 0.8 1.6 2.4
1 TG 3% % Jo it %€ 1 B i 1
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1.5 T 1V WREHE | RKIRERHE

4.3.2 WRIRGE ISR e

Nz 8 Jiv s, JiE V) e 4l B 2 % BT R
76 mm JHIREEEME R LN 92.3% , ARG HERF T 1)
84. 1% & th 8.2 N1 73 i BE Vs 4l By 3 % B T 18
56 JE O 50 mm , F e B 25. 0% , # LU AL GE e B )
TIPS 62.5% MR 37.5 M b s, X W T
JHE1 3 A EC AL G2 JE Bk T Al 16 RUSE I/, BT A 25
T IFBSERE . RSB B HAH 77 mm 22
A 1.3% A 58S B O HORIE 5. T em IR ZEH

14% ;I JH 585 0§ R ZE R /N T 20% , R0 T H
HERPEFI AT AT P o D) I AL G e Bk 70 W Rh T LBy
SRR E RN IE 11 o, e V) U0 37 3 2 2 2
#E 12. 08 kW, LU A% GE e BF 7] ¥ 4 DA 14. 83 kW I
INT 13.83% o 3% S R A S, il £ R
RIS, 2 B 255 S0 U 4l By 34 2 B B AT R4 10
FEAERICR , DR i it & 8. Al #e b, b 1
o] g IR A R, SRR B T — A R
g HRERETRE .
£8 HLAENRRAUTER
Tab.8 Field experiment result of field shape
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Tab.9 Emergence rate and growing performance

of wheat
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TR 25 B B B B
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& G2 e ¥k 7 42° 6.3" 2.87°
WY ] 51° 6.1° 2. 84°

e AR A B R R AL GE e #E TT 5 e V) T X 48 AR A 5 22 5 3
(p<0.05) .
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