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Experiment and Optimization of Working Parameters for Pricking Hole
Mechanism of Oblique Type Non-circular Gears Planetary System
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Abstract : Deep-fertilization liquid fertilizer applicator with high efficiency, low price, easy operation and
environment protection attracts more and more concerns, which can decrease fertilizer volatilization and
increase crop yield and quality. Aiming to explore the influence mechanism that working parameters of
pricking hole mechanism with crop damage rate,hole size and hole distance, a new type of non-circular
gears planetary system of pricking hole mechanism for oblique type of liquid fertilizer applicator for deep-
into type was designed. Through coupling part let pricking hole mechanism meet prick hole condition for
oblique type, to make the trajectory of pricking hole mechanism side and ridge side reach the changes of
different angles, it was achieved to prick hole for oblique type based on the above conditions. Kinematics
model was set up, the influence relationship was obtained between the goals and working parameters.
Test-bed experiment of working parameters was carried out. The design of quadratic regression rotational
quadratic orthogonal experiment was used, with the speed of planet frame, the forward speed and oblique
angle as the test factors, the hole mouth width, the hole distance and the rate of crop damage as the test
optimization index. The optimization of response surface method was used. Experimental data was
analyzed by Design-Expert software so as to establish the regression equation and obtain the diagram of
response surface. Test results showed that when the speed of planet frame was 75. 0 r/min, the forward
speed was 0. 48 m/s and the oblique angle was 23. 3°, the hole mouth width was 40. 2 mm, hole distance
was 220 mm and rate of crop damage was 0.33% , the performance of mechanism was optimal under
above conditions. The test was verified by applying these parameters to validate its rationality.

Key words: liquid fertilizer applicator for deep-into type; pricking hole mechanism; pricking hole for

oblique type; non-circular gear; optimization
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Fig. 1 Diagram of pricking hole mechanism with
non-circular gears for diagonal
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Fig.2 Test-bed of non-circular planetary gear

trains pricking hole mechanism for diagonal
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Tab.1 Coding of experimental factors

- 17 B 355 58 A R RHE A
%,/ (remin ") xy/(mes™ ") x5/ (°)
1. 682 92 0.63 33.5
1 85 0.58 28
0 75 0.50 20
-1 65 0.42 12
-1.682 58 0.37 6.5

x2 HBEARSER

Tab.2 Schemes and results of experiment

R R PERETE bR
5= %,/ %,/ x5/ ¥,/ ¥,/ ¥/
(remin~") (m-s™') (°) mm mm %
1 65 0.42 12.0 56 225 3.82
2 85 0.42  12.0 76 180 4.23
3 65 0.58 12.0 89 290 2.63
4 85 0.58 12.0 52 210 5.56
5 65 0.42 28.0 59 225 0.43
6 85 0.42 28.0 79 180 1.01
7 65 0.58 28.0 95 295 0.48
8 85 0.58 28.0 57 215 2.43
9 58 0.50 20.0 83 288 1.12
10 92 0.50 20.0 71 105 3.01
11 75 0.37 20.0 71 180 1.02
12 75 0.63 20.0 85 203 3.02
13 75 0.63 6.5 48 230 6.32
14 75 0.50 33.5 58 225 0.33
15 75 0.50 20.0 50 230 0. 81
16 75 0.50 20.0 49 226 0.88
17 75 0.50 20.0 50 230 0.71
18 75 0.50 20.0 51 220 1.22
19 75 0.50 20.0 49 225 0. 85
20 75 0.50 20.0 49 230 1.03
21 75 0.50  20.0 50 220 0.82
22 75 0.50 20.0 46 228 0. 68
23 75 0.50 20.0 49 230 1.48
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