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Dynamics Analysis and Experiment of Double Oblique Hole Spray
Fertilizer Needle of Liquid Fertilizer Deep-fertilization

Liu Chunxiang'® Wang Jinwu' Zhou Wengi' Tang Han' Wang Qi' Yan Dongwei'
(1. Engineering College, Northeast Agricultural University, Harbin 150030, China
2. Mechanical and Electrical Engineering College , Heilongjiang Institute of Technology, Harbin 150050, China)

Abstract. Spray fertilizer needle is the executive component of pricking hole mechanism, which is
working on the soil directly, so its construction feature will affect the fertilization quality. In order to
improve the operation quality, a new type spray fertilizer needle with double oblique hole was designed
and its dynamics characters were studied. On the dynamics testing system bench, taking forward speed of
soil tank vehicle and rotation speed of planet carrier as experimental factors, and the reaction of soil
particles to spray fertilizer needle as indicator, the reaction force of soil particles to spray fertilizer needle
during pricking hole was determined. Result shows that, the tensile stress of needle was decreased with
the increasing forward speed and rotation speed, which was in the range of 19. 944 ~25. 936 N. Bending
force was increased with the increasing forward speed and rotation speed, which was in the range of
8.62 ~75.32 N. The rotation speed has a significant effect on the reaction of spray fertilizer needle.
According to the test results, the rotation speed of planet carrier with the range of 100 ~ 120 r/min could
improve the work efficiency and ensure normal work of pricking hole mechanism.

Key words: liquid fertilization; spray fertilizer needle; dynamics analysis; experiment
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Fig.1 Structure diagram of pricking hole

mechanism of planetary gear
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Fig.2  Structure diagram of spray fertilizer needle
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Fig.3 Stress analysis of planet wheel
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Fig.4 Dynamics test bench of pricking hole mechanism
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Fig.5 Spray fertilizer needle after patching
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Tab.1 Coding and levels of single factors experiment
K
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1 0.6 40
2 0.7 60
3 0.8 80
4 0.9 100
5 1.0 120
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Fig. 6 Tension force test result of spray

fertilizer needle
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Tab.2 Tension force at different forward speeds N

T Iy n
: AL
/(mes™") 1 2 3
0.6 25.584 26.312 25.912 25.936
0.7 22.680 22.968 22. 680 22.796
0.8 21.284 21. 628 20. 736 21.216
0.9 20. 880 21.220 20. 024 20. 708
1.0 20. 452 19. 160 19. 464 19. 944

TR P AT B O 40 o/min, BEILEF A LR E 0 70 mm,
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Tab.3 Bending force at different forward speeds N

Wit e W N
l e
/(mes™") 1 2
0.6 8.54 8. 69 8.63 8.62
0.7 11.93 12.45 11.92 12. 10
0.8 26.37 26. 44 26. 15 26.32
0.9 50. 49 50.53 50. 66 50. 56
1.0 75.32 75. 69 74. 89 75.30

X A7 R 2LF D 40 o/ min, WAL £ A BB 70 mm,

3.1 mUEEEEX B R
MAT R ZREEH A 40 v/ min A T A 70 mm
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Tab.4 Tension force at different rotation speeds N

el WP
| e
/(remin~") 1 2 3
40 25.584 26.312 25.912 25.936
60 25.484 25.552 25.572 25.536
80 25.168 25.260 25.268 25.232
100 24.704 24.752 24.752 24.736
120 24.300 24.424 24.236 24.336

B A R R N 0.6 m/s, WER A A RIRE N
70 mm
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Tab.5 Bending force at different working speeds N
L3y WF

/(r+min~") 1 2 P
40 8.54 8. 69 8.63 8. 62
60 20.79 21. 12 20. 55 20. 81
80 32.98 33.17 32.91 33.03
100 45.11 45.43 45.12 45.21
120 57.36 57. 40 57.50 57.42

TE 5 b b M 4 A B O 0.6 m/s, B BF A IR N
70 mm
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Fig.7 Variation curves of soil force
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