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Abstract: Strawberry planting requires the use of high ridge cultivation, in order to increase the quality of furrowing and
ridging, the existing blades are generally improved by increasing the width of front part of the blade. Due to the lack of
design basis for this improvement, the current strawberry greenhouse furrowing and ridging tools generally have problems of
low working quality and large energy consumption. In order to study the blade design method which is suitable for
furrowing operation in strawberry greenhouse, the numerical simulation model of soil throwing with the furrowing blade was
established by using LS-DYNA software, the real-time field test device was set up to analyze and verify the simulation

model. On this basis, Box—Behnken response surface analysis method was used to establish the quadratic regression model,
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in which the forward speed of the blade roller, the rotational speed of the blade shaft and the depth of furrowing and ridging
are taken as input variables, and the torque of the blade roller, the proportion of residual particles are as the response
values. By using the optimization module of the Design—Expert, the result shows that the forward speed of the machine is
0.38 m - s”', the blade shaft speed is 300 r - min™, and the furrowing and ridging depth is 300 mm. To verify the
optimization result, the shaft torque obtained from field experiment with the optimized parameters is 27.9 Nm, and the
relative error is less than 5%, which verifies the reliability of the optimized model. The new parametric design method of
the furrowing and ridging blade in this study can provide reference for the design and optimization of strawberry furrowing
machine in greenhouses.

Key words: strawberry greenhouse; furrowing and ridging blade; parametric design;numerical simulation; field test
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Table 3 Experimental design and results of Box-Behnken
A W3
B Input variable Response value
Y e e OO g e gl
1 0.55 230 350 42.76 35.77
2 0.38 160 350 26.68 31.56
3 0.55 230 350 42.36 36.02
4 0.55 300 400 50.51 29.34
5 0.55 230 350 42.59 34.89
6 0.72 230 400 53.96 37.717
7 0.38 230 300 23.72 29.03
8 0.55 160 400 42.36 36.05
9 0.38 300 350 35.69 22.85
10 0.72 300 350 51.24 30.70
11 0.55 300 300 36.68 26.95
12 0.55 230 350 42.78 35.65
13 0.38 230 400 37.56 29.42
14 0.72 160 350 43.08 36.91
15 0.72 230 300 40.12 34.38
16 0.55 160 300 28.52 36.06
17 0.55 230 350 42.76 35.88
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Table 4 Variance analysis results
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variation  Sum of Degree of Mean sum of F p Sum of Degree of ~ Mean sum of F p
squares freedom square squares freedom square
LAY
Model 1 090.81 7 155.83 4500.89  <0.000 1 281.91 9 31.32 189.19  <0.000 1
A 524.07 1 524.07 15136.82 < 0.000 1 90.45 1 90.45 546.31 <0.000 1
B 140.11 1 140.11 404693  <0.000 1 118.12 1 118.12 713.41 <0.000 1
C 382.95 1 382.95 11 060.90  <0.000 1 4.74 1 4.74 28.65 0.001 1
AB 0.18 1 0.18 522 0.048 2 1.56 1 1.56 9.44 0.0180
AC / / / / / 2.25 1 2.25 13.59 0.007 8
BC / / / / / 1.44 1 1.44 8.70 0.0214
A? 18.17 1 18.17 524.88 < 0.000 1 22.15 1 22.15 13377 <0.000 1
B? 8.25 1 8.25 23836 <0.000 1 34.04 1 34.04 205.62  <0.000 1
c? 12.64 1 12.64 365.03  <0.000 1 2.05 1 2.05 12.41 0.009 7
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