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Design and Experiment of Twin Discs Intertwined Air-pressure High-speed
Precision Seed-metering Device for Maize Delta-row Dense Plantings
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(1. College of Engineering, Heilongjiang Bayi Agricultural University, Daqing 163319, China
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Abstract; Aiming at the uniformity of current corn wide and delta-row narrow planting mode under high
speed (10 ~16 km/h) operation of precision seed-metering device and the delta-row sowing effect of lack
of targeted evaluation indexes of the problem, a double-cavity double-disc staggered synchronous rotary
pneumatic high-speed precision planter was designed and the zigzag qualification index of the “delta-row”
evaluation of the effect was put forward. The effect of “delta-row” was evaluated. The basic structure and
working principle of the seed discharger were described, the key structural parameters of the seed
discharging disc were determined by theoretical analysis and numerical simulation, the mechanical model
of the seed charging process was established, and it was determined that the charging height, operating
speed, and the positive pressure value of the air cavity were the main factors affecting the performance of
the seed discharger. The three-factor, five-level Central Composite test was conducted with seed filling
height, operating speed, air cavity pressure value as the influencing factors, and the “ delta-row”
qualification index and the maize seeds, namely “WAYO 187”7, “DECA C2235”,“A0YO RED A9”
and “FARLEY 1439”7, were used to conduct the sowing test of the optimal parameter combinations of
seeders. The results showed that the optimal parameter combination of the seed dispenser was 40. 598 mm
of seed filling height, 3. 763 kPa of positive air cavity pressure and 11. 358 km/h of operation speed, and

the delta-row qualification index W of the parameter combination was 94% and the coefficient of variation
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of the two-row spacing W, was 6. 11% , which was in line with the optimization results, and it can satisfy

the requirements of high-speed precision sowing of maize in the delta-row dense-planting mode.

Key words: maize; high-speed precision seed-metering device; delta-row; air-pressure; twin discs
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Fig.1 Comparison diagram of delta-row and single seeding
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Structure diagrams of seed-metering device
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Tab.1 Basic material characteristics of maize seed

i
28 LIRS LREEAN PR F
HE 187
2235 A9 1439
K % 11.8 12.4 12.2 12.6
TR =/ g 331.4 342.3 289.2 296. 4
W/ (geem ) 1.173 1.198 1.132 1.122
HER R/ (°) 25.13 22.42 23.73 20.23
. 12.10 10. 24 + 9.94 + 8.03 +
£ £ /mm
0.41 0.59 0.71 0.41
i B/ mm 9.22 £0.46 9.74 £0.54 7.03 £0.49 7.12 £0.46
JE 3/ mm 4.73 £0.53 7.24 +0.61 4.06 +£0.37 6.34 £0.43
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Tab.2 Parameters of simulation

I H 28 E/LE]
AR /A 0.4
i Sy YIS it/ Pa 1.37 x 10*
BRE/(grem ) 1. 197
A L 0.4
Feik B/ Pa 1x10*
W/ (grem ) 1. 150
THRA I 0.5
HE A% By P55 it/ Pa 1.77 x 10*
BRE/(grem ) 1. 180
W RIE/ (N-m ) 7x10°
I Uik TV A VI M/ (Nem ™) 6 x 10°
A 4 2 4% /mm 1.5
ilf 48 1k 2 FR B 0.182
FipF—Fh 7 S 4 TR B 0.2
e R 0.0782
ilf 43 1k 5 FR B 0.3
FihF—5e ik i EE 452 R B 0.5
BB R B 0.3
il 13 Wk 5 R A 0. 621
Foft —HE A 2k fiid =375k 0. 482
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Simulation models of seed-metering device
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Fig. 12 Simulation test of seed-metering device
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Tab.3 Test factors and codes

Fig. 18

i HE
x;/mm %,/ (km-h™") x;3/kPa

-1.682 30 10.0 3.0

-1 34(34.054)  10.8(10.8108)  3.2(3.2027)

0 40 12.0 3.5

1 46(45.946)  13.2(13.1892)  3.8(3.7973)
1.682 50 14.0 4.0
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Tab.4 Test scheme and results Tab.5 Analysis of variance
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YHR2E 0.9956 8 0.1244
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Fig. 19  Effects of interaction terms on contour plots of delta-row qualified index
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Fig.20 Effects of interaction terms on contour plots of coefficient of variation of two-row spacing
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Tab.6 Comparison of actual and optimized values
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Tab.7 Results of suitability trials %
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