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Design and Experiment of Ridging Leveling Device for
Cold Waterlogged Paddy Field

ZHANG Qingsong'” CAI Jiashun' YU Lianghang' FANG Zhen' LIAO Qingxi'” BIAN Qiwang' CHEN Zhiling'

(1. College of Engineering, Huazhong Agricultural University, Wuhan 430070, China
2. Key Laboratory of Agricultural Equipment in Mid-lower Yangize River,
Ministry of Agriculture and Rural Affairs, Wuhan 430070, China)

Abstract ; In view of the production requirements of ridge cultivation of rice and lack of related machinery
and equipment in cold waterlogged paddy fields, low water and soil temperature and poor drainage, a
ridging and leveling device suitable for cold waterlogged paddy field was developed. The device was
mainly composed of a ridging roller, a micro-ridge opener and a leveling component to achieve large ridge
drainage and micro-ridge water storage operations, which was conducive to cold waterlogged paddy field
drainage and rice seed growth and development. According to the technical regulations of mechanical
ridging rice cultivation in cold waterlogged paddy field, the key parameters of ridging roller, micro-ridge
opener and leveling parts were designed. The radius of rotation of ridging roller was 560 mm, the chamfer
of conical surface was 28°, the width of micro-ridge opener was 50 mm, the height was 40 mm and the
adjustable angle of leveling parts was 5°. Based on the DEM — FEM coupling simulation analysis, the
optimal operating parameters of the device were determined. When the forward speed of the machine was
0.6 m/s, the rotation speed of the rotary blade roller was 230 r/min, and the rotation speed of the ridge
roller was 120 r/min, the soil backflow rate was 3. 51% , and the stress and strain of the ridge roller were
analyzed. The results of the field experiment showed that the average furrow depth was 160. 03 mm, the
width of top of furrow was 174. 84 mm, the average width of top of ridge was 1 888. 89 mm, the average
flatness of box was 11.26 mm, the average width of micro-ridge was 60. 16 mm, and the depth of furrow
was 36. 48 mm. All indicators met the requirements of mechanized ridge operation in cold-waterlogged
fields. The research can provide a reference for the design of ridge leveling machine in cold waterlogged
paddy field.
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Fig. 1  Structure diagram of furrowing and ridging

leveling device
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Fig.3 Trenching roller shaping structure diagram
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and structure diagram of profiling parts
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Tab.3 Simulation test results
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Tab.4 Analysis of model variance

SR PO A M ¥r F P

H R 957.92 9 106. 44 8.01 0. 006 **
A 88.71 1 88.71 6.67  0.0363"*
B 128.4 1 128. 4 9.66  0.0171°
C 214.76 1 214.76  16.15  0.0051*
AB 103. 23 1 103.23 7.76  0.0271°
AC 97.61 1 97. 61 7.34  0.0302*
BC 3.26 1 3.26 0.245  0.6357
A? 82.7 1 82.7 6.22  0.0414"
B? 202. 75 1 202.75  15.25  0.0059*
c? 11.45 1 11.45 0.8614 0.3842
5% 4 T 93.07 7 13.3

FIe 49.19 3 16. 4 1. 49 0.344
R 2 43.88 4 10. 97

s¥ill 1050. 99 16

W HARBFE(P<0.05), == FRMPEP<0.01),

W=7.19 -3.334 +4.01B +5. 18C -
5.084B —4.94AC +0. 902 5BC +
4.434 +6.94B% +1.65C° (17)
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AT SH % B AT 07 B 50, 45 ) 4 3 Il 3 %
3.51%
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FER A 7 EAL R 6 B A is 1T S 5 3
AT R 2B AR T N AR AT WL 13 BTR . i 2B R
RN 1= F A E 13a fras, Tl 225 A B A
304 AN, MR I BR S 205 MPa, 42 4 Z 5L
2~2.5, BV R SN 82 ~ 102.5 MPa, i
13a iR, 2 28 48 5 K N 778 49. 551 MPa, i &
Wt ER,
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Fig. 13 Equivalent stress and total deformation

nephograms of ridge roller
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Tab.5 Soil physical parameters

LR T 1 T4 2

=R

ny ok RE/ ORSE/ Ak KR/ RSE/
B/ em

/% (grem™)  kPa /% (grem™) kPa
0~5 74.55 0. 88 29.31 40. 09 1.38 44. 84

5~10 59.78 1.07 42.36  38.05 1.41 72.08
10 ~15  55.56 1.09 65.54  36.38 1.43 109. 32
15 ~20 48.91 1. 14 90.35  27.39 1.61  201.87
20 ~25  31.51 1.52 142.32 23.83 1.69  365.36
25 ~30 28.36 1.58 198.5  21.79 1.78  415.32
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Fig. 14 Field experiment effects
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Tab.6 Field test results

. ¥ {H/mm REMERB %
U5 48 b - - - :
T 1 T2 T 1 TH 2
S0 Y TR G 169. 32 180. 36
2B VR 154. 69 165. 36 85.39 92.62
ZE T 5 1884.13 1.893. 65
i T T 8.95 13. 56
[ZERE 57.95 62.36
91.32 83.62
T 28 18 YR TR 35.75 37.21
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