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Design and Experiment of Two-degree-of-freedom Multi-articulated
Profiling No-tillage Precision Drill Unit

HOU Shouyin CHEN Haitao SHI Naiyu ZOU Zhen JI Wenyi WANG Yecheng
(College of Engineering, Northeast Agriculiural University, Harbin 150030, China)

Abstract; Based on the design concept of 2BMF] series no-tillage precision planter, which is light weight
and uniform in sowing depth, a two-degree-of-freedom combined profiling no-tillage precision drill unit
was designed. Based on Lagrange equation, a mathematical model of ditching depth of precision drill unit
was established, and the key structure and working parameters affecting the ditching depth were
determined. The autumn untreated maize stubble field was selected as the test plot. Four-factor and five-
level quadratic regression orthogonal rotation center combination test method was applied, experimental
optimization on structure and working parameters affecting the performance of precision drill unit was
done, and the initial increment of spring, initial traction angle, spring stiffness and working speed were
selected as influencing factors. The qualified rate of ditching depth, soil hardness and variation
coefficient of ditching depth were selected as evaluation indexes, the primary and secondary relations of
factors affecting the qualified rate of ditching depth were obtained as follows: spring stiffness, working
speed, initial increment of spring and initial traction angle, the primary and secondary order of factors
affecting qualified rate of soil hardness were as follows: spring stiffness, working speed, initial traction
angle and initial increment of spring, and the primary and secondary order of the factors affecting the
variation coefficient of ditching depth were follows; initial traction angle, working speed, spring stiffness
and initial increment of spring. Design-Expert 6. 0. 10 software was used to establish regression equation,
significance and optimization parameters of the test data were tested, the results showed that under the
conditions of initial traction angle of 0°, spring stiffness of 10 N/mm, initial spring increment of 15 ~

19. 5 mm and working speed of 6. 7 ~7. 8 km/h, the qualified rate of ditching depth was more than 95% |,
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the qualified rate of soil hardness was more than 95% ,and the variation coefficient of ditching depth was

less than 10% .

Key words:; drill unit; two-degrees-of-freedom; multi-articulated profiling; no-tillage
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Fig. 1  Structure diagram of no-tillage planter unit
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Fig.3 Structure and schematic of multi-articulated

profiling device
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Tab.2 Experiment layout and results
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5 10 -5 12 7 94 93 9.1
6 20 -5 12 7 98 96 8.7
7 10 5 12 7 90 89 9.7
8 20 5 12 7 94 93 9.4
9 10 -5 8 9 78 76 8.8
10 20 -5 8 9 81 79 9.4
11 10 5 8 9 69 66 8.9
12 20 5 8 9 75 73 9.1
13 10 -5 12 9 85 83 8.7
14 20 -5 12 9 94 91 8.9
15 10 5 12 9 78 75 9.2
16 20 5 12 9 82 80 8.9
17 5 0 10 8 74 71 9.4
18 25 0 10 8 80 77 9.4
19 15 -10 10 8 84 82 8.8
20 15 10 10 8 74 72 9.4
21 15 0 6 8 74 72 9.1
22 15 0 14 8 90 88 9.8
23 15 0 10 6 87 85 9.4
24 15 0 10 10 74 72 9.4
25 15 0 10 8 94 91 9.4
26 15 0 10 8 94 92 9.1
27 15 0 10 8 92 91 9.2
28 15 0 10 8 92 92 9.1
29 15 0 10 8 92 91 9.1
30 15 0 10 8 94 92 9.2
31 15 0 10 8 93 93 8.7
32 15 0 10 8 94 90 9.4
33 15 0 10 8 94 91 9.1
34 15 0 10 8 92 92 8.7
35 15 0 10 8 94 93 8.7
36 15 0 10 8 92 92 9.4
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Tab.3 ANOVA
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Fig. 8 Experimental optimization result
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Tab.4 Results of verification experiment
F5 Al/mm ay/(°) k/(N-mm™') v,/ (km-h~") /% 0,/ % n3/ %
1 17 0 10 7.0 95.5 97. 4 9.1
2 16 0 10 7.5 95.5 97.6 8.9

o1 4 A IR 2 R S LS R Y45
4.4.4 XA
X AL 5 1 4% Bl B AR 5 2BMEF) R 51 4 B £k

FiALJE 7 T8 16 Fh 580K R IE A7 5 8 B R B4R BE AT
PERE L BB , &5 R A3 S Fron il O &l 9
B s o

RS MNHBIEKXEER
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Fig.9 Ground surface effect of different structures of

imitated seeding monomers after ditching and suppression
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