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Design and Test on Key Components of Strip Compound
Ground Preparation Machine in Paddy Field

SUN Wenfeng FU Tianpeng HE Yue LU Jiagi CHANG Jinkai WANG Jiquan
(College of Engineering, Northeast Agricultural University, Harbin 150030, China)

Abstract; Under the background of conservation tillage, the advantages of less tillage and no-tillage
cultivation techniques, such as water storage and soil conservation, have been emphasized. In order to
solve the shortcomings of full tillage, a belt tillage machine was designed for seedbed preparation, and its
key components were studied. According to the existing wide and narrow planting row spacing of rice,
belt land preparation with 30 ¢cm bandwidth was realized by selecting rotary blade and designing blade
arrangement. Meanwhile, no-tillage operation was carried out in the adjacent 30 cm area to realize the
purpose of fine land preparation between paddy beds. After one operation, seedling transplanting could
be carried out in the water field. The orthogonal rotation test method was used to simulate the actual field
operation through EDEM discrete element simulation, and the optimal arrangement of strip rotary blades
was obtained. At this time, the simulation results were as follows: the soil crushing rate was 93.26% ,
and the surface flatness was 17.3 mm. On this basis, field experiments were carried out, and the results
showed that the soil crushing rate, surface flatness, single tillage bandwidth, and tillage bandwidth
stability of multi-functional combined tillage machine were 92.97% , 18.4 mm, 300.9 mm, 95.3% ,
respectively. The stability of tillage depth, shallow subsoil depth, tillage depth and deep subsoil depth
were 151.3 mm, 221.4 mm, 93.5% and 92.3% , respectively, which fully met the needs of large-scale
rice seedbed soil preparation. The research was focused on determining the structural parameters of strip
rotary tillage, ensuring the stability of tillage bandwidth and good operation results. It provided reference
for the design and research of less and no-tillage equipment for paddy field.

Key words: paddy field; combined ground preparation machine; belt rotary tillage; discrete element

method ; field experiment
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Fig.1 Structure diagram of strip spacing multifunctional

combined ground preparation machine in paddy field
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Tab.1 Parameters of strip spacing multifunctional

combined ground preparation machine in paddy field
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Fig.2 Working schematic of strip spacing
multifunctional combined ground preparation

machine in paddy field
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Fig.9 EDEM simulation process of strip multifunctional

combined ground preparation machine in paddy field
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Tab.3 Test factors and codes
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2 0 -1 1 89.97 259 Y, =95.44 —1.374 -0. 11B +0. 6C +
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Tab.5 Variance analysis of broken soil rate Y,

A S R I -5 # 2 5 F p
155 T8 116. 64/116. 62 9/8 12.96/14. 58 136. 58/155. 19 <0.000 1/ <0.000 1
A 14.93/14.93 1/1 14.93/14.93 157.38/179. 66 <0.000 1/ <0.000 1
B 0.095/0. 095 1/1 0.095 1/1. 41 0.0351/0.317 3
C 2.86/2. 86 1/1 2.86/2. 86 30. 1/34. 36 0. 000 9/0. 000 5
AB 0.017 1 0.017 0.18 0.068 5
AC 2.5x107°/2.5x10°° 171 2.5x107°/2.5x107° 2.64x10°*/3.01 x10°* 0.029 8/0.024 1
BC 0.11/0.11 1/1 0.11/0.11 1.18/1.35 0.0312/0.025 3
A? 3.09/3.09 1/1 3.09/3.09 32.51/37.11 0. 000 7/0. 003
B? 23.47/23.69 1/1 23.47/23.69 247.36/282. 37 <0.000 1/ <0.000 1
c? 64.55/65.19 1/1 64.55/65. 19 681.35/777. 80 <0.000 1/ <0.000 1

0.21/0.227 3/4 0. 069/0. 053 0. 60/0. 45 0. 6483/0. 7906

0.46/0. 46 4/4 0.11/0.11
A 117.30/117. 30 16/16

TE: RHER S A S BRN J2 35 RRR 45
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Tab.6 Variance analysis of surface flatness coefficient Y,

A S of I S5 F ¥y F P
155 7 235.91/239.12 9/7 23.21/29.78 10.55/13. 19 0.002 6/0.001 9
A 17.70/17.70 1/1 17.70/17.70 7.13/6.94 0.0320/0.029 5
B 2.42/72.42 1/1 2.42/72.42 0.97/0. 94 0.0356/0.0312
C 27.75/27.75 1/1 27.75/27.75 11.17/10. 88 0.0124/0.0103
AB 5.52/5.52 1/1 5.52/5.52 2.22/2.16 0.0379/0.0317
AC 0.81 1 0.81 0.33 0.1858
BC 0.12/0.12 1/1 0.12/0.12 0. 049/0. 048 0.028 3/0.0219
A? 2.40 1 2.40 0.97 0.358 4
B? 47.82/47.82 1/1 47.82/47.82 19.25/18. 74 0.003 2/0.001 9
c? 124.83/124. 83 1/1 124.83/124. 83 50.25/48.93 0. 000 2/0. 000 1

17.39/20. 6 3/5 0. 095/0. 080 2.74/2.31 0.196 3/0.239 4

17.36/17. 36 4/4 5.79/5.79
B 253.30/253. 30 16/16

Y, =17.33 +1.494 +0.55B - 1. 86C + 1. 17AB -
0. 17BC +3.38B% +5.46C° (37)
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Fig. 12 Field experiment of strip spacing multifunctional

combined ground preparation machine in paddy field
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Tab.7 Results of performance experiment mm

WRHS  TEPFRIE  RMBE BHMEE S RPBE
1 151 223 302 18
2 155 217 304 17
3 147 226 307 19
4 149 220 295 18
5 153 219 303 19
6 150 221 301 15
7 151 225 297 17
8 153 218 300 16
9 154 220 298 15
10 155 221 302 17
11 148 224 300 18
12 153 223 299 19
13 150 219 305 21
14 147 220 301 15
15 154 225 300 17

Hi % 8 AT, K FH R A SO LAl s | e B
TRIE RN IR M3 P B B RV 5 (B 1Y
FaE M R B0 ) 4 151.3 .221.4 18.4,300. 9 mm,
95.3% 92.97% 93.5% 92.3% i ;L4 2 E K 1P
BLAR — U5 TE 1A M T /AR 92 A% A7 AR G T
A BT S B R R R, — Ik
I T B AT A R Al R A

R8 HESHER

Tab.8 Calculation results of performance test
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25 e 98/ mm 300. 9

e R T R A % 95.3

AR R B/ mm 221. 4 =150
TR AR R M R B % 92.3 =90
et /% 92.97 =380
i 4L/ mm 18. 4 <40
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Fig. 13 Field experiment for further determination
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Fig. 14  Determination of soil fragmentation rate

in field experiment
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