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Parameter Optimization and Experiment of Differential Filling
Groove Single Grain Seed-metering Device for Wheat
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Abstract; Different from traditional cultivation techniques of sowing in lines for wheat, precision seeding
technology ensures the most reasonable distribution of wheat seeds in the field through precisely
controlling seeding quantity and uniformity. Precision seeding technology can ensure the balance of
nutrition in the growth process of wheat and achieve high quality and yield. The main component that
affects the sowing precision of wheat seeder is seed metering device. The uniformity and stability of
sowing are affected due to the pulsating of seed arrangement at low speed or small amount of sowing.
However, in high speed operation, the diameter of the outer groove wheel seed metering device is small ,
when the speed is increased, the seed filling rate would be reduced, and the seed damage rate would be
increased, it is difficult to achieve the goal of precision seeding of wheat. In order to realize the wheat
single grain seeding technology, reasonable allocation of row spacing for wheat sowing, and improve the
sowing quality of wheat seeder, a kind of different-speed single grain seed-metering device with seed-
filling groove for wheat was designed, and a 7. 5 em row spacing narrow row wheat seeder was produced,
the structure of “one seed-metering device with two seed rows” was realized, double row single grain
sowing was realized, it provided technical support for close row spacing and uniform seed spacing. The
design of the differential filling groove single grain seed-metering device with seed-filling groove for wheat
was completed. EDEM discrete element software and Design-Expert 8. 0. 6 software were used to carry out
simulation tests on the seed device and optimize the parameters of the differential filling groove single
grain wheat seed device. A single factor experiment was completed by using EDEM discrete element
software, it showed that the relative motion between the two sides alternate seed-filling and rotating seed
wheel and stationary curved baffle was better for the seeding performance, the qualified rate was higher,
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which was 77. 58% . The orthogonal experiment of the effect of the length, width and height of the seed-
filling groove on the seeding performance was completed by using EDEM discrete element software, the
simulation results showed that when the length between seed groove baffles was 8. 00 mm, the width of
seed groove was 6. 00 mm, the height of seed groove was 5. 00 mm, the optimal results can be obtained.
Based on these studies, the orthogonal combination test of multiple quadratic regression rotation was
carried out on the basis of rotational speed, width of filling groove and raised slope angle of stationary
curved baffle, then the Design-Expert 8.0.6 software was applied to analyze the test data, the
relationship between the regression model and the influence of factors on indicators was obtained, the
factors influencing the qualified rate of seeding were determined, the importance descending order was
that rotational speed, width of filling groove and raised slope angle of stationary curved baffle, and the
pair wise interaction cannot be ignored, the important factors influencing the variation coefficient of
seeding uniformity, in order of importance, were the width of filling groove, rotational speed and raised
slope angle of stationary curved baffle. Multi-objective parameter optimization was carried out based on
regression model, the results showed that when the rotational speed was 1 1/s, the width of filling groove
was 6 mm, and the raised slope angle of stationary curved baffle was 42. 68°, it was predicted that the
qualified rate of the seeding was 76.73% , and the variation coefficient of the seeding uniformity was
28.23% . The sample of seed metering device was made. Then some bench tests were carried out to
verify the results, the results of bench tests showed that when the rotation speed was 1 1/s, the qualified
rate was 81.67% , the re-seeding rate was 12. 50% , the miss seeding rate was 5. 83% , and the variation
coefficient of the seed uniformity was 32.32% . The results were consistent with the simulation results.
Field experiments were carried out on the wheat seeder trial-produced by using the differential filling
groove single grain seed-metering device for wheat. The test results were consistent with the simulation
test and the bench test results: the qualification rate of grain spacing was 82. 50% , the replay rate was
9.17% and the missed replay rate was 8.33% , the mean value of the variation of sowing uniformity was
30. 12% , which met and exceeded the national standards.
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Fig.1 Exploded diagram of different-speed single grain

seed-metering device with seed-filling groove for wheat
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Fig.2  Condition of seeds fell into the filling groove
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and stress analysis of seeds
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Fig.3  Simulation model
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Tab.1 Simulation test results of fixed position

of stationary curved baffle %
ML FS O REEAHKE EEX HOEES
1 75.98 11.47 12.55
2 76. 88 11.87 11.25
3 79.33 11.05 9.62
! 4 78.12 11.88 10. 00
- HE 77.58 11.57 10. 85
R 1.88 3.41 12.23
1 71.18 10. 83 17.99
2 73.75 10. 00 16.25
3 71.76 9.91 18.33
2 4 70.21 10.21 19. 58
FHME 71.73 10. 24 18.03
R 2.08 4.05 7.62
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Tab.2 Orthogonal factors and levels of filling groove size

K FERERRE R A eI v/ FERIIE i BE
K/ mm mm mm
1 7.00 5.00 4.50
2 7.50 5.50 5.00
3 8.00 6. 00 5.50
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Tab.3 Results of orthogonal test of seed hole size

B KA EHE I

o

5. . Bowm o we wa w9
1 1 1 1 1 73.85 12.08 14.06
2 2 2 2 1 73.75 13.91 12.34
3 3 3 3 1 71.82 22.71 5.47
4 1 2 3 2 75.00 17.34 7.66
5 2 3 1 2 7526 16.93 7.81
6 3 1 2 2 77.03 15.00 7.97
7 1 3 2 3 74.58 18.85 6.56
8 2 1 3 3 75.26 16.62 8.13
9 3 2 1 3 75.83 15.89 8.28

K, 7448 75.38 74.98
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Fig.4 Rake angle of stationary curved baffle
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Fig.5 Measurement of natural angle of repose of wheat seeds
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Tab.4 Determination results of natural angle of

repose of wheat seeds

P K4S
1 2 3
FHEFE H/mm 54.00 44.00  55.00
FEHER AR R/mm 94.50  86.50  93.00
HASRIRIEA B/ (°) 29.74  26.96  30.60
H AR IESR B M/ (°) 29.10
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RS N R LURLIE S48 Py AR P, Ik
Py AR S AR S R AP AL 4 IT R AR R
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8. 0.6 %M, LA Box — Behnken Wi i 104K 77 s 3647
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Tab.5 Factors and codes of tests
ES
ity L2374 FAESEE, OB PR R
(r-s7h) mm FHE/(°)

-1 1.0 5.00 30

0 1.5 5.50 45

1 2.0 6. 00 60

xo6 HEARRER

Tab.6 Test design and corresponding result

s ESES W R %
A B c P, P, Py b,
1 0 0 0 72.87 12.97 5.16 31.22
2 -1 0 -1 77.03 12.97 10.00  36.45
3 0 1 1 69.69  28.13 2.19 29.25
4 -1 0 1 78.28 14. 38 7.34 34.10
5 0 0 0 75.10 17. 08 7.81 32.46
6 -1 -1 0 74.01 10. 05 15.94  37.02
7 0 -1 1 75.42 12.71 11.88  38.71
8 0 0 0 73.33  23.23 3.44 29.58
9 1 -1 0 72.92 13.96  13.13  39.77
10 1 1 0 66.20  28.65 5.16 29.47
11 0 0 0 73.54 7.03 19.43  32.64
12 0 0 0 74.17  20.37 5.47 32.43
13 1 0 -1 72.81 18.28 8.91 35.61
14 -1 1 0 76.72 17. 81 5.47 27.81
15 0 0 0 74.17  20.37 5.47 32.43
16 0 -1 -1 72.87 11.51 15.63  41.15
17 1 0 1 70.83  23.07 6.09 35.72

HEFE A% R AHERN A S AR S RO 22 3 n
7 PR, IR IBNABIRI AR W 3 (P <0.01) , 4
WA (P >0.05) , FIH R, K &R
B AAETEL A M, 28 0 A L G B AN 2
HEAS R SRR GHR P HEFP S 1A 7 &R
@A EVEL AT R il )
P, =73.97 -2.91A4 —1. 16B -2. 36AB - 0. 81AC -
1.55BC -1.71B° (10)
P, =32.24 +0.654 =5.07B -0.63C +1. 044> +2.2C°
(11)
H 3R 7 AL RLBE G AR P RHER B ) AR S
REP, 2 IR E A B Y P AAERE /N T
0.01, 3R] 2 MR i E PE T AR P A
BRT0.05, 36 2 A EEATE IR 50 S HGE F A, 3
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K& FEFNHERN 450 1 A8 57 2R H5CRR LA B dd 2 52 ) T



F12H

B A5 22 U /N A R HERP AR AL B S 71

®7 EPEARBWMFESH

Tab.7 Variance analysis of regression model

] B RLFE AR Py L RA P,
Y e bR
F P F P
TBETY 33.07 <0.0001*  56.87 <0.000 1 *
A 159.12  <0.0001*  7.15 0.03*
B 25.24 0.0015*  435.23  <0.0001*
C 0.98 0.36 6.67 0.04*
AB 52.20 0. 0002 ** 0.62 0. 46
AC 6.13 0.04" 3.23 0.12
BC 22.55 0.002 1" 2.34 0.17
A2 0.41 0.54 9.65 0.02"
B 28.95 0.001 0™ 0.52 0. 50
c? 3.19 0.12 43.01 0.0003 *
e 0.10 0.95 1.99 0.26

W x RAREFBE(P<0.05), »x RRZEFHWMBE(P<
0.01),
OB RN R R HERFR A S P AS S RO T
5
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Fig. 6  Effect of interaction between speed and width

of filling groove on qualified rate
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Fig.7 Effect of interaction between speed and width

of filling groove on coefficient of variation
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Tab.8 Bench test results of fixed position of

stationary curved baffle %
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Tab.9 Bench test results of seed hole size %
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Tab.10 Machine parameters
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Tab.11 Comparison of sowing performance index
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