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Design and Test of Rice Hill-drop Seed Metering Device
Embedded with Rotating Air Cavity
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Abstract; Aiming at the problems of inadequate use of air pressure for air suction type metering device,
friction between seed plate rotation and rubber pad, and poor uniformity of hole sowing, airflow field of
rice seed metering device embedded with rotating air chamber was designed by the absorption principle.
The working principle of each stage of seed metering device was introduced, and the parameters and
structure of the key components were designed. Based on the basic governing equation of fluid, the
negative pressure cavity was simulated by ANSYS software. The numerical simulation was carried out with
the influence factors of pore diameter and position distribution of suction hole. The average pressure of the
cavity and the average velocity of the suction hole were the evaluation indexes. The simulation results
showed that the distribution of flow field in air cavity was relatively stable, which provided a stable
negative pressure environment for seed suction. The JPS —12 test-bed was applied to verify the simulation
test. Taking the rotation velocity of air chamber, the negative pressure of air chamber and the height of
seed filling as the influencing factors, and taking the qualified rate of rice sowing, the rate of missed
sowing and the rate of re-sowing as the evaluation indexes, the experiment of quadratic rotation
combination design at five levels of factors was carried out. Using Design-Expert 8. 0.6 to complete
variance analysis and significance test, the regression equation and the corresponding surface map were
obtained, the interaction of various factors was analyzed, and the best parameters were determined.
Number combination; when the rotating velocity of the air chamber was 21.61 r/min, the negative
pressure of the air chamber was 4. 4 kPa and the seed filling height was 15. 7 ¢cm, the performance of the
operation was 93. 6% for the qualified index, 3.47% for the missed broadcast index and 2.93% for the
replay index. The experimental results of bench test were in good agreement with the optimized results,
which met the requirement of direct seeding of japonica rice.
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Fig. 1  Structure diagram of rice seeder embedded with
rotary air cavity
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Fig.2  Sketch of suction tray structure and working area
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Fig.3 Seed adsorption equivalent model
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Fig.5 Force analysis diagram of spoiler blade
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Fig. 6 Schematics of adsorption posture of rice seeds
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Fig. 11  Performance curve diagram of different

suction hole distributions
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Fig. 13 Schematic of diameter and spacing of rice seeds
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Tab.5 Experimental design and results

75 x X, X3 ¥,/ % ¥,/ % y3/ %
1 1 1 1 7.63 89.56 2.81
2 1 1 -1 1.49 95.55 2.96
3 1 -1 1 16. 08 80.5 3.42
4 1 -1 -1 17.54  79.69 2.77
5 -1 1 1 5.05 81.63  13.32
6 -1 1 -1 8.90 78.85  12.25
7 -1 -1 1 11.73  84.12 4.15
8 -1 -1 -1 20.69  75.54 3.77
9 1. 682 0 0 15.02  82.45 2.53
10 -1.682 0 0 4.71 78.45  16.84
11 0 1. 682 0 5.17 90.75 4.08
12 0 -1.682 0 23.33  73.83 2.84
13 0 0 1. 682 6. 00 84.67 9.33
14 0 0 -1.682 7.66 79.13  13.21
15 0 0 0 7.75 90. 45 1. 80
16 0 0 0 5.57 93.25 1.18
17 0 0 0 3.36 94. 81 1.83
18 0 0 0 4.92 93.96 1.12
19 0 0 0 3.89 94.42 1. 69
20 0 0 0 3.22 95.56 1.22
21 0 0 0 2.08 90. 57 7.35
22 0 0 0 2.17 92.63 5.20
23 0 0 0 8.97 85.18 5.85

gE S P AE R 0. 81, 1 W G H Al [N R 5 A
R ik R T ZE A R, R P EA
0.23, KW TCH A PR & M R TEHRR AR 7 2
SERTH, JRAU P AE Sy 0. 54, 3% WY JC A R K 52 A
A% R o R B RS TR AR 25 A UL AN B S AL E
BR 28 35 N AR, el S DR 3R i e (L [l 01 5 7

R6 MEAFBRAESH

Tab.6 Regression equation analysis of variance

Tr# GRS R ES EXES

HIE CFITM AME F P FIEA A F P PR A F P
LT 980. 02 9 13.48 <0.0001™  736.40 9 10.93  <0.0001™  386.08 9 7.75 <0.000 1"
X 74.72 1 9.25 0. 009 ** 13.55 1 1.81 0.20 151.92 1 27.45 0. 0002 **
%, 216. 89 1 26. 85 0.0002 " 395.58 1 52.83 <0.0001™ 26. 64 1 4.82 0.04"
X3 4.07 1 0.50 0. 49 4.51 1 0. 60 0.45 0.01 1 0. 002 0.96
X)X, 72. 60 1 8.99 0.01" 4.55 1 0. 60 0. 44 40. 82 1 7.38 0.01"
X)Xy 34.20 1 4.23 0. 06 38.24 1 5.11 0.04" 0.11 1 0.02 0.89
X, %5 19. 84 1 2.46 0.14 20. 19 1 2.70 0.12 0.001 1 0.000 3 0.99
x 281.50 1 34.85 <0.0001™ 72.50 1 9.68 0. 008 ** 68. 28 1 12. 34 0.003 **
Py 194. 47 1 24.08 0.000 3 ™ 202.73 1 27.07 0.000 2 ** 0.09 1 0.01 0.90
b 64. 87 1 8.03 0.01" 0.51 1 0. 06 0.79 53.93 1 9.75 0. 008 ™
2= 105. 00 13 97.35 13 71.94 13

Ei 22.70 5 0. 44 0.81 51.11 5 1.77 0.23 25.52 5 0.88 0.54
%25 82.30 8 46.23 8 46. 42 8

A 1085.02 22 833.75 22 458.02 22

e R E (P <0.05) , =R R ML (P <0.01),
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y, =4.73 =9.26x, +6. 18x,x, +6. 1227 +10. 41x3

(18)
¥y, =92.33 +3.91x, +6.86x, +8. 7T9x,x, —
12. 05x; - 10. 19x; - 3. 9x; (19)
¥, =2.94 -5.58x, +2.4x, -6.59x,x, +
5.94x7 +3. 56, (20)
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Tab.7 Comparison of optimization and test results

%
ID‘iE H‘m%ﬁ‘
RIRSES 93.9 3. 60 2.50
BIRE 93.6 3.47 2.93
1 2 0.3 0.13 0.43
4 4ig

(1) Bt X HE R 35 5 58 08 22 8077 16 BE 45 R 4
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