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Design and Experiment of Ditching Blade Installed in Close
Planting Orchard Ditching Machinery
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Abstract. Ditching fertilization is one of the important links of fruit planting, which is done artificially
with large labor intensity but low efficiency, failing to satisfy the requirement of high quality fertilization
for modern orchard. The disc-type ditcher is a kind of continuous earth-moving machinery followed by the
chain ditcher, which is characterized by high efficiency and convenient operation, and widely used in the
farmland water construction and orchard ditching fertilization, etc. But the existing ditching blade has the
problems of large power consumption and poor stability of ditch depth. A sine-exponential curve ditching
blade was designed through analyzing the advantages and disadvantages of existing blade, using the rotary
tillage theory and experimental analysis. Through the analysis of tractor forward speed, rotating speed of
the cutter, as well as the influence of their interaction on power consumption and ditch depth stability,
the optimal working parameters of the sine-exponential curve ditching blade were as following: tractor
forward speed was 1 m/s, rotating speed of cutter was 200 r/min. The optimal structure parameters of the
sine-exponential curve ditching blade were determined through the three-factor four-level orthogonal test
with bending angle and bending radius in B and bending angle in C of the sine-exponential curve ditching
blade as impact factors, and power consumption and groove depth stability as response value: bending
angle in B was 95°, bending angle in C was 140°, and bending radius was 9 mm. Through comparing the
sine-exponential curve ditching blade with existing blade, it was showed that under the same working

parameters and ditching depth, the power consumption of the sine-exponential curve ditching blade was
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decreased by 3.29 kW and ditching depth stability was increased by 8. 83 percentage points compared

with the existing blade. Index of the technical specifications for the sine-exponential curve type ditching

blade is higher than the national standard. The research results provided a theoretical basis for the sine-

exponential curve type furrowing blade optimization design.

Key words: close planting orchard; disk ditching machinery; ditching blade; sine-exponential curve
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Fig.1 Structural sketch of sine-exponential curve
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Fig.3 Diagram of sliding cut angle on side cutting blade
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Tab.1 Major parameters of blades with different

thicknesses
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Tab.2 Experiment factors and levels

K - Lk

i E B o/ (m-s ™) T # n/ (remin 1)
1 0.5 180
2 1.0 200
3 1.5 220
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Tab.3 Experiment scheme and results
4 R o/ JIREEGH 0/ DIRWERE WERE

(mes™')  (remin~!) P/kW S/ %
1 0.52 185 29.7 78.5
2 0.49 197 30.5 80.2
3 0.51 218 31.8 84.5
4 1.13 188 32.0 86.5
5 0.91 206 32.4 88.7
6 1.12 224 33.6 82.4
7 1.52 181 34.1 81.7
8 1.61 207 34.8 78.6
9 1.47 225 35.4 73.5
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Fig.4 Surface figures of factors interaction effect
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Tab.4 Test factors and levels of blade

structure parameters

7KT e i 4 Py
B abE £ 6/(°) AR r/mm  C ALl y/(°)
1 90 5 120
5 95 9 140
3 100 13 160
4 105 17 180
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Tab.5 Test scheme and results of blade structure

parameters
BAMY Al CAMY ShEIEE WHRGE
K55 55 )

g x  cERY  ffifhZ P/KW Y S/ %
1 1 1 1 32.5 72.5
2 1 2 2 28.8 83.2
3 1 3 3 29.4 84.7
4 1 4 4 28.7 74.2
5 2 1 2 31.2 75. 4
6 2 2 1 34.5 77.5
7 2 3 4 33.7 78.8
8 2 4 3 31.5 78.5
9 3 1 3 32.5 81.2
10 3 2 4 33.6 81.4
11 3 3 1 34.8 80.2
12 3 4 2 31.4 80.5
13 4 1 4 33.8 83.0
14 4 2 3 33.6 80. 4
15 4 3 2 31.5 78.5
16 4 4 1 32.9 80.5
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R 12.9 6.0 11.8 13.1 10. 4 14.1
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Tab.8 Comparison of field test results

% M/ (N-m) IFE P/kW VIR h/cm
3 Bt S gl Bt Wl W
iy TR iy Ak Tk TR

1 1562.04 1638.29 35.98 37.74 43 52
2 1573.52 1582.48 36.25 36.46 39 42
3 1484.26 1720.44 36.50 39.63 42 34
4 1569.72 1694.82 36.16  39.04 47 35
5 1438.29 1777.23 33.13  40.94 35 28
6 1528.14 1586.76 35.20  36.55 34 38
7 1427.48 1688.47 32.88  38.90 42 35
8 1428.46 1724.20 32.91 39.72 40 30
9 1684.61 1813.04 38.81 41.77 35 29
10 1829.83 1728.21 42.15 39.81 39 37
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