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Design and Optimization Tests of Reverse Spin-throwing
Cyperus edulis Starting Device

HE Xiaoning'? ZHANG Xuejun' ZHAO Zhuang SHANG Shuqi’ WANG Dongwei’ YANG Shuai’

(1. College of Mechanical and Electrical Engineering, Xinjiang Agricultural University, Urumqi 830052, China
2. College of Mechanical and Electrical Engineering, Qingdao Agricultural University, Qingdao 266109, China)

Abstract: Aiming at the problems of high leakage rate, easy congestion and difficult soil fragmentation in
the root system, which lead to difficulties in subsequent sorting and separation and low efficiency of
combined harvesting. The discrete element simulation method was applied to establish the root — tuber —
soil discrete element model of Cyperus edulis, the mechanism of the interaction between root — tuber — soil
of Cyperus edulis on the fragmentation of the root-soil annulus of Cyperus edulis was analyzed, and a
reverse spin-throw type starting device was designed. The results showed that the optimum combination of
parameters for the reverse rotary tiller was as follows: phase angle of 61°, installation spacing of 150 mm ,
soil fragmentation rate of 94. 10% , buried fruit rate of 1. 39% , under the same parameter settings with
ordinary rotary tiller combination for field verification test, the results showed that buried fruit rate was
reduced by 13.33% , soil fragmentation rate was increased by 3.15% , which met the technical
requirements of Chinese Cyperus edulis mechanized harvesting standards, the research results can provide
a theoretical reference basis for further improvement of Cyperus edulis harvesting equipment development.

Key words: Cyperus edulis; discrete element simulation; starting device; design
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Fig. 1 Structure diagram of anti-rotation planting device
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Tab.1 Measurement results of soil parameters

TR, REEEOKRE, LWRWE/ HEERSE/
mm % (grem ™) kPa
0~50 18. 12 1.35 564
50 ~ 100 20. 56 1.42 653
100 ~ 150 21.15 1.77 817
- 19.94 1.51 678
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Fig. 16  Influence of phase angle on soil fragmentation rate
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Fig. 17 Influence of phase angle on work resistance
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Tab.3 Test factors and coding

S
i1
THALF B/ (°) % [E P S/mm
~1.414 40 140
-1 45 145
0 55 155
1 65 165
1.414 70 170
x4 HERRBRER
Tab.4 Simulation test results
o S LD VA & L1
i v, R % %
1 -1 -1 1.79 92.24
2 1 -1 2.15 94.75
3 -1 1 2.21 93.68
4 1 1 2.13 92.42
5 -1.414 0 1.65 93.73
6 1.414 0 1.86 94.65
7 0 -1.414 1.48 93.21
8 0 1.414 2.35 92.76
9 0 0 1.51 93.25
10 0 0 1.15 94.12
11 0 0 1.14 93.65
12 0 0 1.13 93.32
13 0 0 1.11 93.78
14 0 0 1.12 93.42
15 0 0 1.26 93.23
16 0 0 1.19 93.65

y, =1.20 +0.072x, +0.20x, —0. 11x,x, +

0. 34> +0. 4247 (3)
y, =93.55 +0.32x, —0. 19x, — 0. 94x, x, +
0.24x> —0. 3647 (4)

TR A o LR 3RMN e R SR (14 T 22 A A A 2R
N2 S5.6 fim.

x5 BREFENN

Tab.5 Analysis of variance of buried fruit rate

KI5 PR AHEE B F P
i 2.71 5 0.54 16.81  0.000 1"
X, 0. 042 1 0. 042 1.29 0.282 1
% 0.33 1 0.33 10.32 0.0093"

X%, 0.048 1 0. 048 1.50 0.248 3
X 0. 90 1 0. 90 27.49  0.0004 "
2 1.38 1 1.38 42,92 <0.0001*

e ol 0.20 3 0. 066 3.66 0.0714

s 0.13 7 0.018

SR 3.03 15

T #x RAWRZFMEE (P <0.01), « RAREREF(P <
0.05), T,

R6 LTIEWHEFESN

Tab.6 Analysis of variance of soil fragmentation rate

B3 For AmEE ¥orm F P

F 6.17 5 1.23 14.24  0.0003**
% 0.81 1 0.81 9.39 0.0120"
x, 0.29 1 0.29 3.36 0.096 7
x4, 3.55 1 3.55 40.99 < 0.0001 "
x 0. 46 1 0. 46 5.32 0.0438°
x5 1.05 1 1.05 12.13  0.0059*
LD 0.21 3 0. 069 0.73 0.565 4

2% 0. 66 7 0. 094

| 7.04 15
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Fig. 20 Influence of test factors on work resistance
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