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Experimental study on corn stubble root-soil separation way

Wu Tao', Ma Xu*?", Chen Xueshen', Chen Gengwen®, Lai Yuanhong®

(1.College of Engineering, South China Agricultural University, Guangzhou 510642, China; 2.Key Laboratory of Key
Technology on Agricultural Machine and Equipment(South China Agricultural University), Ministry of Education,
Guangzhou 510642, China)

Abstract: In order to achieve better operating type and optimal working parameters for the roots-soil separation,
experiments under different working modes which include compacting, hitting, vibrating and the combination of above
methods were performed by employing the test-bed of fibrous root crops. The experimental results showed that the better
separation method can be obtained for the roots-soil complex with low moisture content by the combination of
compacting and hitting method. Furthermore, experiments based on Box-Behnken experimental design method were
performed for optimizing parameters. The roots-soil separation rate and power consumption were considered as the
performance index, and the parameters including roll clearance, revolving speed of hammer, mass of hammer were
selected as the independent parameters. The mathematical model corresponding to the roots-soil separation rate and
power consumption was established. By the analysis of the interaction between the performance index and the
independent parameters, multi-objective optimization for the mathematical model was obtained. The value of the optimal
working parameters were as following: roll clearance of 22 mm, revolving speed of hammer of 200 r/min and mass of
hammer of 0.3 kg, respectively. The roots-soil separation rate of 95.44% and power consumption of 0.72 kW were
obtained by experiment, which were in accordance with the theoretical prediction. It was concluded that better separation
rate could be obtained by employing the combination of compacting and hitting method.
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Fig.1 Structure of test-bed of fibrous root crops
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Fig.4 Influence of operating times on roots-soil separation rate
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Table 3 Variance analysis of roots-soil separation rate

F P
1440.74 5 288.15 3177 <0.0001
X1 328.58 1 32858  36.23 0.000 2
X2 125.45 1 12545  13.83 0.004 8
X3 713.1 1 7131 7862 <0.0001
X1X3 194.46 1 194.46  21.44 0.0012
X 79.15 1 79.15 8.73 0.016 1
81.63 9 9.07
78.82 7 11.26 8.00 0.1156
2.81 2 1.41
1522.37 14
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Table 4 Variance analysis of power consumption

F P
2.04 2 1.02 629  <0.0001
X1 0.08 1 0.08 493 0.046 3
X2 1.96 1 1.96 120.88 <0.0001
0.19 12 0.02
0.19 10 0.02 6.08 0.1495
0.01 2 0.00
2.23 14
R¥  )=0.8984 R’  )=0.8725
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Fig.5 Response surface for roots-soil separation rate
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Fig.6 Response surface for power consumption
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