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Design and Experiment of Cellar Cavitation Mechanism for Crops
of Hilly Mountains Transplanter
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Abstract; In the view of low operational efficiency and quality, high labor intensity of the existing semi-
automatic and intermittent cellar cavitation mechanism for crops of hilly mountains, a cellar cavitation
mechanism based on non-circular gear parallel four-bar mechanism was designed in order to ensure the
agronomic requirements of deeper depth and consistent contour diameter of cavity. In addition, its
kinematic model was stablished on the basis of elaborating the structure and working principle. The
regression equation of response index and experimental factors for cavitation mechanism was established
by combining the quadratic orthogonal rotation center combination test method and the human-computer
interactive visual auxiliary interface of cavitation mechanism, which was established by the Matlab
according to the kinematic model. Thus, the influence trend and interaction relationship were obtained by
response surface simultaneously. In terms of the regression equation, multi-objective function optimization
was used to obtain the optimal parameter combination of mechanism. According to the regression
equation, the optimal parameters of cavitation mechanism, which was used to develop the prototype of
cellar cavitation mechanism and field operation platform, could be achieved via the multi-objective
function optimization. The field test results showed that the depth of cavitation was 181.7 mm, the
vertical angle of cavitation was 90.5°, the maximum diameter of cavity was 75.6 mm, the minimum

diameter of cavity was 68. 5 mm, the variance of cavity diameter was 7.5 mm® and the distance between
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cavities was 503. 1 mm. The optimized mechanism can meet the agronomic requirements for crops of hilly

mountains transplanting cellar cavitation.

Key words: transplanter for crops of hilly mountains; cellar transplanting; cellar cavitation mechanism

parameter optimization
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Fig.3 Kinematic model of cavitation mechanism
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Tab.2 Experimental plan and results

o IS &t
x X, kN ¥,/ mm ¥,/ (%) y3/mm ¥,/ mm ¥s/mm yé/mm2
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2 1 -1 -1 190. 5 87.4 96.7 65.9 30.8 98.6
3 -1 1 -1 186. 1 88. 1 96.7 80.6 16.1 30.0
4 1 1 -1 187.5 88.7 87.9 63.0 24.9 80.9
5 -1 -1 1 178. 8 88.7 79. 1 64.5 14.6 28.0
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21 0 0 0 183.2 91.8 73.3 64.5 8.8 8.3
22 0 0 0 183.2 91.8 73.3 64.5 8.8 8.3
23 0 0 0 183.2 91.8 73.3 64.5 8.8 8.3
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Tab.3 Variance analysis of regression model
i H KR - J7 # R F P i H b3 Ryl F B F P
R 448.72 9 16. 70 <0.000 1" HL TR 1130. 14 9 59. 65 <0.000 1"
% 377. 81 1 126.56  <0.000 1 ** x, 146. 16 1 69.43  <0.0001*
%, 2.46 1 0. 83 0.3802 %, 220. 51 1 104.75  <0.000 1 **
X 0.79 1 0.26 0.616 4 3 0.41 1 0.19 0. 667 8
X%, 1.12 1 0.38 0.5499 Xy %, 224.72 1 106.75  <0.0001**
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Fig. 6 Cavity section outputed by auxiliary interface
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Fig.8 Three-dimensional model of cavitation
mechanism
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Tab.5 Measurement data of cavitation
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mm () i KA/ mm Fe/ME/mm J7 2 /mm’
1 183.2 93.9 74.7 67.6 7.2 505.5
2 181. 4 94.3 72.8 65.2 7.4 496. 5
3 182.2 93.5 75.2 68. 4 7.8 504.8
4 181.5 86.4 78.6 72. 1 7.3 505.9
5 180.3 89.2 76.7 69. 1 7.6 502. 4
SEE 181.7 90. 5 75.6 68.5 7.5 503. 1
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