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Design and Experiment of High-speed Jet Seed Guide Device
for Corn Seeder
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Abstract; High-speed corn seeding has become the current trend in corn planting. Under high-speed
operation conditions, the traditional gravity-based seed guiding device has obvious limitations. The
collision between the seeds and the seed guiding tube intensifies, resulting in decreased seeding
uniformity and even re-seeding and missed seeding phenomena, which have adverse effects on crop yield.
To address these challenges, a jet seed guiding device that can be applied to high-speed operation of the
seeder was designed. Through kinematic analysis of the entire seed guiding process, the main structure
and parameters of the device were determined. Using DEM — CFD coupled simulation technology, the
seed guiding process under the influence of air flow was simulated, and the design parameters were
optimized. This simulation provided a basis for optimizing the key design parameters, thereby improving
the stability of seed flow and seeding uniformity. The performance of the high-speed jet seed guiding
device was verified by using the seed distributor performance test bench. Compared with the traditional
gravity-based seed guiding device, the high-speed jet seed guiding device showed significant improvement
in seeding performance under high-speed operation conditions. The results showed that when the
operating speed was 12 km/h, the plant spacing was 25 c¢m, and the air flow speed was greater than
80 m/s, the qualified particle spacing reached 93.2% , and the coefficient of variation of particle spacing
was no more than 14.72% . Compared with the gravity-based seed guiding device, the high-speed jet
seed guiding device had better seeding performance under high-speed operation conditions, with an

increase of 8. 1 percentage points in the qualified particle spacing and a reduction of 6.48 percentage
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points in the coefficient of variation of particle spacing. This device had important practical application

value in promoting the high-quality and efficient development of corn seeding operations and provides

strong technical support for the advancement of high-speed precision seeding technology. Field test results

showed that the high-speed jet seed guiding device was adaptable to medium-and-high-speed seeding

operations at or below 12. 37 km/h and could satisfy the operational requirements of high-speed precision

seeding for corn.

Key words: maize seeding machine; seed movement analysis; DEM — CFD coupling; high speed jet

seed guide
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Tab.5 Analysis of velocity variance

FERE SFAM O HERE Bl F P
e 2.19 4 0.5482 123.11 <0.000 1
% 1.92 1 1.92  430.68 <0.0001*
%y 0.0160 1 0.0160  3.60 0.087 2
%3 0.0399 1 0.0399  8.97 0.0135"
x 0.2190 1 0.2190 49.18  <0.0001**
I AT 0.0423 8 0.0053  4.79 0.1843
P 0.002 2 2 2 0. 001
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Fig. 14  Simulation verification of optimization results
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Tab.6 Airflow velocity — air pressure relationship

’
/UX

SR/ (mes™") UK/ kPa
20 0.35
40 1.18
60 2.63
80 4.18
100 6.01
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Tab.7 Single-factor experiment results on work

speed (12 km/h)

R/ IR G A% R IR S R A G
(m-s~1) Y,/ % Y,/ % J/ (mes )
20 76.5 26.32 3.61
40 82.4 18.54 5.52
60 85.6 16. 63 7.59
80 93.2 14.72 9. 69
100 94.3 13.94 10. 85

R8 SMEE(80m/s) AERABER
Tab.8 Single-factor experiment results on

airflow velocity (80 m/s)

Y B/ R A M % B AR S 5 A 5
(km-h~1) Y,/ % Y/ % B/ (mes™")
8 98.3 9.79 9.17
10 95.6 12. 85 9.48
12 93.2 14.72 9. 69
14 88.7 17.32 9.90
16 82.6 19. 30 10. 31
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80 m/s, VEMVEEF 8 ~16 km/h, #H 4T IEAS IR I, KT Tab.12 Analysis of variance for particle spacing
AL 5 0 I R B 45 SRR A 5 R coefficient of variation
(R0 . R B0 DA 3 4 S 0 3R 9 TR L A B 45 S 4 SRR PR AmE B F r
£ 10 FiR, AR 1112, %0 x, x, WEZE R 392. 86 5 78.57 3.29 x10° <0.000 1 **
AR s 116. 69 1 116.69 4.90 x10° <0.0001*
X 262. 55 1 262.55 1.10 x10° <0.0001*
x99 EXRKBWEARFHD x5 % 3.57 1 3.57  14998.65 <0.000 1"
Tab.9 Orthogonal experimental factors codes x3 7.54 1 7.54  31668.74 <0.0001*
) I HE xq 3.72 1 3.72  15618.97 <0.0001*
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Tab.10 Orthogonal experiment scheme and results

g ORRE REE REARE REERR

7 x5 g Y,/ % B,/ %

1 -1 -1 84.7 15. 54

2 1 -1 98.3 9.79

3 ~1 1 72.8 28. 89

4 1 1 82.6 19. 36

5 -2 0 77.2 24.10

6 2 0 93.7 13.30

7 0 -2 93.3 9.98

8 0 2 73.9 26. 18

9 0 0 85.6 16. 60
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Tab.11 Analysis of variance for particle spacing
qualification rate

KW PR A B F P
(o] 661. 03 5 132.21 19624.19 <0.0001*
x5 273.01 1 273.01 40525.12 <0.0001*
Xg 378. 62 1 378.62 55620.2 <0.0001*
x5 3.611 1 3.60  535.85  <0.0001*
x§ 0.0039 1 0.0039 0.5824 0.4703
xé 5.651 1 5.65 838.73 <0.0001*
Eie 0.047 2 3 0.0051 0.6316 0.6323
iR2E 0.0320 4 0. 008
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Fig. 17 Response surfaces of interaction effect of factors
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Tab. 13 Field test results

HLEAL S R B Y,/ %

fEl g/ (km-h =1y RIFESHREE Y,/ %

7.94 97.8 13. 67
10. 21 94.1 15. 48
12. 37 93.7 17.56
14.76 85.1 26. 20
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