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Operation Performance Test of Hill-seeder Based on Mechanism with
Approximate Constant Speed for Corn Whole Plastic-film Mulching
on Double Ridges

Dai Fei Zhao Wuyun Ma Junmin Wang Jiuxin  Shi Linrong Liu Xiaolong
(School of Engineering, Gansu Agricultural University, Lanzhou 730070, China)

Abstract; The furrow sowing with whole plastic-film mulching on double ridges had been widely used in
the arid region of Northwest China, because it could resist drought and increase production. The
mechanical sowing with film was an inevitable trend in farming. The working performance of operation
machine for direct insert hill-seeder based on mechanism with approximate constant speed for corn whole
plastic-film mulching on double ridges was studied, and the best working parameters of prototype, which
avoided phenomenon of dislocation of soil hole and mechanical damage of daylighting mulch, were
obtained. The Plackett — Burman test was performed to screen the significant parameters from the eight
selected parameters ( proportion of amplification mechanism, transmission ratio of the mechanism with
approximate constant speed, opening displacement of hole-former, angle of hole-former, rotation speed of
crank, forward speed of machine, rotation speed of driving lever and planting depth of hole-former). It

was found that the rotation speed of crank, forward speed of machine and rotation speed of driving lever
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had significant effects on dislocation of soil hole rate and mechanical damage rate of daylighting mulch
while the other five parameters’ influence was negligible. The steepest ascent test was used to determine
the best region of significant parameters. Based on the result of Box — Behnken test, the quadratic
polynomial model for dislocation of soil hole rate and mechanical damage rate of daylighting mulch with
the three significant parameters were created, the effect of single factor and interaction factors on different
response values was explored, and the Optimization — Numerical calculation method was combined to
optimize and test the work parameters of direct insert hill-seeder in the fields. The test results showed that
the operation performance of prototype was in accordance with requirements of national standard, the effects
orders of three parameters on dislocation of soil hole rate were as follows: forward speed of machine,
rotation speed of crank and rotation speed of driving lever. The effects orders of three parameters on
mechanical damage rate of daylighting mulch were as follows : forward speed of machine, rotation speed of
driving lever and rotation speed of crank. The optimal working parameters were machine forward speed of
0.52 m/s, crank rotation speed of 72 r/min and driving lever rotation speed of 140 r/min. Confirmatory
tests showed that the average value of dislocation of soil hole rate was 1. 23% and mechanical damage rate
of daylighting mulch was 9. 56% , which were dropped significantly compared with before optimization of
dislocation of soil hole rate (1.56% ~ 5.87% ) and mechanical damage rate of daylighting mulch
(10.63% ~73.37% ). With the optimized working parameters, the threw speed could achieve zero and
the problems of picking and tore films and holes with seedlings dislocation were solved, and the
mechanical damage of daylighting mulch was also avoided. Meanwhile, it proved that the established
regression model was reliable.

Key words: corn; hill-seeder; mechanism with approximate constant speed; whole plastic-film mulching
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on double ridges; parameters optimization
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Fig. 1  Structures of hill-seeder based on mechanism

with approximate constant speed for corn whole
plastic-film mulching on double ridges
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Fig.2 Schematic diagram of operation machine
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Fig.3 Composition of mechanism with approximate

constant speed
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Tab.1 Parameters of Plackett — Burman test
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-1 2 2 9 45 60 0.4 100 30 -
1 3 2.5 12 60 80 0.6 140 45 -
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Tab.2 Design and results of Plackett — Burman test

FALER R RIGHHLR

=2 X, X, X, X, Xs Xe X; Xy X, X Xy Y, /% B Y, /%
1 1 1 1 -1 -1 -1 1 -1 1 1 -1 4.83 59.6
2 -1 1 -1 1 1 -1 1 1 1 -1 -1 3.76 48.7
3 -1 1 1 1 -1 -1 -1 1 -1 1 1 5.72 68. 4
4 -1 1 1 -1 1 1 1 -1 -1 -1 1 1.17 20. 8
5 1 1 -1 1 1 1 -1 -1 -1 1 -1 3.08 40.6
6 -1 -1 -1 1 -1 1 1 -1 1 1 1 4.94 55.7
7 1 -1 1 1 1 -1 -1 -1 1 -1 1 5.11 61.3
8 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 5.68 67.9
9 1 -1 1 1 -1 1 1 1 -1 -1 -1 4.31 55.3
10 1 1 -1 -1 -1 1 -1 1 1 -1 1 4. 65 57.1
11 -1 -1 1 -1 1 1 -1 1 1 1 -1 3.19 42.1
12 1 -1 -1 -1 1 -1 1 1 -1 1 1 3.71 48.5
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Tab.3 Significance analysis of parameters in Plackett — Burman test

- FALEEAIR Y FOCH MR Y,
~ R Rl SR %o BFE 34 B A %o BFEHEY
x) 0.21 0.13 0. 69 7 3.13 29.45 1.52 6
x, -0.62 1. 16 6.31 4 -5.93 105. 61 5.44 4
X3 -0.25 0.19 1.01 6 -1.83 10. 08 0.52 8
Xy 0. 62 1.13 6.18 5 5.67 96.33 4.96 5
x5 -1.68 8.52 46. 36 1 -17.00 867. 00 44. 67 1
%g -1.24 4.65 25.31 2 -13.80 571.32 29.44 2
X% -0.79 1.85 10. 06 3 -8.13 198.45 10.23 3
xg 0. 088 0. 023 0.13 8 2.37 16. 80 0.87 7
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Tab.4 Design and results of the steepest ascent test
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LG S L K
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(rmin~ ') R/ % )

(mes™") (remin~") /%
1 60 0.40 100 5.18 47.9
2 65 0.45 110 4.23 33.2
3 70 0.50 120 3.56 31.7
4 75 0.55 130 2.31 14.6
5 80 0. 60 140 2.75 28.8
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Tab.5 Coding of factors and levels

SES
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x5/ (remin ") xg/(m-s™") %,/ (remin ")
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Tab.6 Design and results of Box — Behnken test

L BLasTTEE  EIAF LS SROGIIBLK
HEE 25T S .
ia=) HE 37 R/ % IR %
> X, X, Y, Y,
1 -1 0 -1 2.16 19.18
2 -1 0 1 2.38 10. 63
3 1 -1 0 5.83 32.67
4 1 0 -1 4.21 57.53
5 -1 -1 0 1.56 36. 19
6 -1 1 0 5.87 61.12
7 0 0 0 2.43 33. 66
8 0 0 2.41 33.51
9 0 -1 1 1.94 19. 94
10 1 1 4.29 12. 11
11 0 0 2.57 34.17
12 0 0 3.56 32.98
13 0 -1 -1 2.18 28.43
14 1 1 0 5.65 73.37
15 0 0 0 2.11 46.08
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Tab.7 Variance analysis of regression models

IR b7 5 KW )5 B Y575 FAE P{H
g} 36. 42 9 4.05 15.23 0. 000 8 **
X 8.02 1 8. 02 30. 19 0. 0009 ™
X, 10. 01 1 10. 01 37.70 0. 0005 **
X, 0.94 1 0.94 3.53 0.1022
XsXq 5.04 1 5.04 18.98 0.003 3 ™
XX 4.90 x10 3 1 4.90 x10 73 0.018 0.8958
AR Y, Xﬁig 2.13 1 2.13 8.03 0.0253
X2 4.67 1 4.67 17.59 0.004 1™
X2 4.72 1 4.72 17.75 0.0040 ™
be 0.71 1 0.71 2.65 0.1472
B 1.86 7 0.27
H2 4P I5 0.63 3 0.21 0. 69 0.604 8
R 1.23 4 0. 31
jsyii] 38.28 16
TBETR 6533.53 9 725.95 17.13 0. 000 6 **
Xs 294.76 1 294.76 6.96 0.0336"
X, 1810.21 1 1810. 21 2.72 0. 000 3 **
X, 1943.76 1 1943.76 45.87 0. 000 3 **
X5 X 62.17 1 62.17 1.47 0.2651
XsX; 339. 85 1 339.85 8.02 0.0253"
TR 1, X(,ig 722.27 1 722.27 17.04 0. 004 4 **
X2 3.25 1 3.25 0.077 0.789 8
X2 811.03 1 811.03 19. 14 0.003 3 ™
X2 616. 08 1 616. 08 14. 54 0. 006 6 **
B 296. 64 7 42.38
231 35 170. 92 3 56.97 1.81 0.2846
R 125.72 4 31.43
Jayill 6830.17 16
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Fig.4 Effects of interactive factors on dislocation of soil hole rate
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Fig.5 Effects of interactive factors on mechanical damage rate of daylighting mulch
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Fig. 6  Field performance test of operation machine
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