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Abstract; The cultivation and land preparation work in mulberry plantations is the important foundation
for improving mulberry leaf yield. Based on the mulberry planting mode and the requirements of
cultivation and land preparation work, a vertical rotating rotary harrow suitable for mulberry plantations
was designed and optimized. According to the mulberry plantation planting and cultivation requirements
to determine the rotary harrow machine structure, through the theoretical analysis of the harrow knife
operation process and kinematic analysis, the harrow knife structure parameters were determined. Using
the discrete element method to simulate the rotary harrow operation process, and the influence of different
camber angles on the torque of the harrow knife and working quality of the machine and the variation law
of the torque during the harrow operation were analyzed. Taking rotor speed, forward speed and plowing
depth as test factors, and taking soil breakage rate, surface flatness after harrowing and soil weight as test
indexes, a three-factor, three-level orthogonal rotary combination field test was carried out to analyze the
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influence of each factor on the operational effect of rotary harrow. The test results showed that the rotor

speed and forward speed on the soil breakage rate, harrowing surface flatness and soil weight was very

significant; the effect of plowing depth was only significant on the soil breakage rate, and there was no

significant effect on the harrowing surface flatness and soil weight. The optimal combination of operating

parameters was calculated as follows: rotor speed was 350 r/min, forward speed was 0.7 m/s, plowing

depth was 20 cm, soil fragmentation rate was 97. 89% , surface flatness was 11. 04 mm after harrowing,

and soil capacity was 1. 11 g/cm’.

The verification test was carried out with the optimized operation

parameter combination, and the soil breakage rate was 97.29% , surface flatness after harrowing was

11. 53 mm, soil capacity was 1. 07 g/cm’ , which was consistent with the optimized results, and it met the

operational requirements.

Key words: mulberry plantation tillage and soil preparation; rotary harrow; discrete element simulation;

optimization design
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Fig.1 Rotary harrow cultivation plan in mulberry

plantation
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Fig.2  Schematics of rotary harrow
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Fig.3 Schematic of rotary harrow transmission
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Tab.1 Main technical parameters for rotary harrow
in mulberry field
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Fig.6  Schematics of harrow knife
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Tab.2 Parameters of discrete element model
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Fig.9 Discrete element soil model
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Tab.3 Soil condition of test site
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Tab.4 Factors coding of field experiment
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Fig. 14  Test area division
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Tab.5 Design and results of field experiment

HEE HRAE

s i TEE e v
=l X, X, X, Y,/ % Vo/mm (geem-)
1 -1 -1 0 91. 80 5.6 1.28
2 1 -1 0 97. 89 12.9 1. 04
3 -1 1 0 89.23 9.3 1.39
4 1 1 0 92.82 15.2 1.16
5 -1 0 -1 90. 38 7.8 1.24
6 1 0 -1 96. 67 13.2 1.04
7 -1 0 1 94,27 7.5 1.25
8 1 0 1 97.85 13.4 1.10
9 0 -1 -1 94. 94 10. 3 1. 15
10 0 1 -1 92.17 12.6 1.27
11 0 -1 1 96. 24 9.8 1.18
12 0 1 1 92.82 11.6 1.31
13 0 0 0 93.52 10.9 1.28
14 0 0 0 95.35 9.7 1.19
15 0 0 0 94. 36 12.1 1.21
16 0 0 0 93.21 10.7 1.25
17 0 0 0 94. 41 9.2 1. 30
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Tab.6 Variance analysis of response surface

of rotary harrow field test

- % A MR RE T E
F p F P F p

KR 1596 0.0007*  13.23  0.0013* 9.53 0.0036*
X, 77.52 <0.0001™ 99.84 <0.0001™ 53.06 0.0002*
X, 3879 0.0004™ 1691 0.0045™ 19.98 0.0029*
X, 9.99 0.0159° 0.9231 0.3687 134 0.2845
XX, 254 0.1554 0.0118 0.9165 0.6715 0.4395
XX; 298 0128 0.0473 0.8341 03426 0.5767
XX; 01714 0.69013  0.0738  0.7937 0.0137 0.9101
X2 04017 0.5463 0.0575 0.8174 7.43 0.0295*
X2 6.73 0.0357° 116  0.3175 0.4052 0.5447
X2 511 0.0583 00053 09442 233 0171
Jefl 0.6992 0.597 03151 0.815 0.6651 0.6159
fEMELL 13.859 4 13.003 3 10.8369

s TR A (p <0.01) 5+ FR 3 (0.01<p<0.05),

H13R 5 T3 )RR bR 5 e P SR Ry
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Fig. 16 Response surface plots of soil broken rate with respect to influence factors
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Tab.7 Measured results for verification
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