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Design and Experiment of Variable Spraying Paddy Field Double-side
Ridger Building Machine

WANG Jinfeng' XU Zhaoyang' YANG Chunxiang' LU Zhenyang® YANG Chunhe'
(1. College of Engineering, Northeast Agricultural University, Harbin 150030, China
2. College of Electrical and Information, Northeast Agricultural University, Harbin 150030, China)

Abstract; Aiming to address the challenges of high labor intensity, low efficiency, and poor quality in
manual ridge construction caused by unsuitable soil moisture content, a bilateral paddy field ridger
building machine equipped with a variable spray system was designed. It was elaborated on the hardware
composition and control strategy of the variable spray system, which enabled manual and automatic flow
adjustment to precisely regulate soil moisture content within the optimal range of 26% ~ 28% . Using
EDEM simulation software, the soil-engaging components rotary tillage and soil collection processes were
simulated. An orthogonal experiment was conducted with forward speed, working speed, and soil-taking
depth as test factors, and soil collection rate and coefficient of variation of soil collection uniformity as
evaluation indicators. A regression model was established to optimize the best working parameter
combination, laying the foundation for subsequent field experiments. The results showed that under the
optimal ridge-building moisture content, the ridger operated at the best parameter combination; forward
speed of 0. 8 km/h, working speed of 415 r/min, and soil-taking depth of 150 mm. The average firmness
of the constructed ridges was increased with time, while the coefficient of variation of firmness was
gradually decreased, and stabilized after 24 h of air-drying. The average firmness at various measurement
points on the ridge top was no less than 1 538 kPa, and on the ridge side, no less than 2 612 kPa, both
meeting agronomic requirements. The research result can contribute to advancing high-standard farmland
construction and accelerating the full mechanization of rice cultivation.

Key words: double-side ridge building machine for paddy fields; variable spraying system; discrete

element method ; field experiment
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ridge building machine
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Tab.1 Main technical parameters of double-side ridging

building machine for paddy fields

AMER S (K x $E x8)/(mm xmm xmm) 1673 x2 114 x1 250
LT i kg 450
[ESPUIE VAN =60

e 1 B it /4 20
TAERCE/ (km-h ") 1.5~2.0

S B/ mm 290 ~ 300
LT 5/ mm 260 ~270
HHJE 9/ mm 450 ~ 460
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paddy field ridger building machine
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Fig.3  Principle diagram of blade superimposed type

pressure roller for embankment construction
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Tab.2 Contact parameters of soil discrete element model

et SRt SR A
ER /=4 0.38
o W/ (kgom ™) 1280
BrHrE 2 14 A o107
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NG )2 1 5 — ot
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Tab.3 Coding of test factors

S
R BT i e LR
%,/ (remin"") %,/ (km-h~") x3/mm
-1 400 0.6 140
0 450 0.8 150
1 500 1.0 160

LT B a0 s s st A

Fig. 11  Schematics of calculation method for soil compaction rate
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Tab.4 Results of response surface analysis

o s Ft% Bt
i X, X, X, Y% REKY,/%
1 0 -1 1 86.9 4.37
2 0 0 0 85.7 3.13
3 0 1 -1 873 5.24
4 -1 1 0 9. 1 3.80
5 1 1 0 77.6 4.00
6 0 0 0 87.0 3.04
7 1 0 1 728 6. 08
8 -1 -1 0 80. 6 3.66
9 0 0 0 85.3 3.58
10 0 0 0 87.7 3.40
11 -1 0 1 88.4 4.26
12 0 -1 1 734 5.54
13 1 -1 0 75.7 5.61
14 0 0 0 88.3 3.88
15 -1 0 1 92.2 4.53
16 0 1 1 91.5 4.48
17 1 0 1 79.8 3.60
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Tab.5 Variance analysis of regression equation
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Fig. 13 Response surfaces of influence of each factor on soil compaction rate
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Tab.6 Field operation firmness test results for

double-side ridging machines in paddy fields

W i 7
i) R byl TR b eyl
WE/h PHE, BSR CFRE, R PHH, ER
kPa  &¥/ % kPa 25 % kPa 2/ %
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30 2 386 4.12 1305 4.16 2414 4.20
36 2631 3.66 1538 3.64 2623 3.72
42 2612 3.78 1577 3.52 2638 3.68
48 2 669 3.58 1592 3.44 2677 3.47
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Fig. 18 Relationship curves of mean firmness, coefficient

of variation of firmness, and time interval on field bunds
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