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Design and optimization of a three-row precision seed-metering device for Bok Choy

Feng Dinghao'?, Sun Xinping"?, Qi Xindan', Li Hua*®, Zhang Xiaoyu*, Wang Yongjian®*
(1. College of Mechanical and Power Engineering, Nanjing Tech University, Nanjing, 211816, China;
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Abstract: In order to improve the low sowing efficiency of the traditional single-row and double-row sowing patterns in
China, this paper designed a novel three-row precision seed-metering device with the “Shanghai Aiji” Bok Choy seeds as
the research object, and analyzed the working principle of the seed-metering device. The relevant parameters of the key
components of the designed seed-metering device were calculated using relevant mathematical theory. The internal airflow
field of the seed-metering device was analyzed using FLUENT software and the optimum number of suction holes was
determined. The negative pressure, the angular speed of the seeding plate and the cone angle of the suction hole were
used as experiment factors, and the performance indicators of the seed-metering device were the qualified rate and missed
seeding rate when seeding. When the negative pressure was —2.16 kPa, the angular speed of the seeding plate was
29.43 r/min and the cone angle of the suction hole was 61.51°, the qualified rate of the inner ring was 95.12% and the
missed seeding rate was 3.67%, the qualified rate of the middle ring was 94.68% and the missed seeding rate was
3.12%, and the qualified rate of the outer ring was 94.24% and the missed seeding rate was 2.58%. Finally, bench and
field experiments were conducted to verify the reasonableness of the best combination of parameters obtained.
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Fig. 1 Structure diagram of a three-row pneumatic precision
seed-metering device
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Fig. 2 Schematic diagram of the structure of the suction hole
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Tab. 3 Experimental results
s LS e

X, X, X, Y/ % Y./ % Ys/ % Y./ % Ys/ % Ys/ %
1 —1 —1 0 82.88 13.21 84.02 13.12 83.33 13.31
2 1 —1 0 83.21 4.86 90. 56 4.13 89.98 3.96
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12 0 1 1 96.12 3.12 84.12 3.89 84.33 3.95
13 0 0 0 98. 25 0.46 82.56 12.65 82.69 12. 35
14 0 0 0 98. 46 0.82 88.91 12.43 89.46 12.37
15 0 0 0 97.38 1.2 95.82 3.53 96. 38 3.61
16 0 0 0 98. 25 0.24 90. 68 2.63 91.46 2.57
17 0 0 0 98.12 0.21 97.45 0.51 96. 69 0.48
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Tab. 4 Variance analysis result of inner ring seed-metering

performance test

RS RIR POrm Ui FE Pl

FER 641.89 71.32 121.43 <<0.000 I**

X, 7.26 7.26  12.36  0.009 8**
X, 11.23 11.23  19.13  0.003 3%*
X, 6.81 6.81 11.59  0.011 4%
XX, 1.90 1.90 3.24 0.114 8
XX, 22.75 2275  38.74  0.000 4*x

Wi XX, 18.66  18.66  31.77  0.000 8**

BHAE X2 464.52  464.52  790.89 <<0.000 1%*
X2 51.98  51.98 88.50 <<0.000 1%*
X2  21.38  21.38 36.41  0.000 5%x

Bk 2= 4.11 0.5873

EX 3.42 1.14 6.58  0.050 2
¥ 0.6931  0.1733
MA 646.01

Y,=—0.59—2.25X,— 2.87X,+ 2. 22X+
1.48X,X,— 2. 01X, X,— 1. 61X, X, +
2.99X,*+ 2. 68X, + 2. 65X,* (16)
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Tab. 5 Variance analysis result of middle ring seed-metering
performance test

WA

st K U S5 A

Ko FHE plE

Bl 268.44  29.83 50. 80 <<0.000 1**
X, 56.07  56.07 95.51 <<0.000 1**
X, 50.55  50.55 86.10 <<0.000 1**
X, 36.25  36.25 61.75 0.000 1%*
XX, 6.38 6.38 10.86  0.013 2%
XX, 15.09  15.09 25.71  0.001 4**
ME XX, 4.28 4.28 7.30  0.030 6*
IR X7 46.47  46.67 79.14 <<0.000 1#*

o

X, 27.69  27.69 47.16  0.000 2%*
X2 15.76  15.76 26.84  0.001 3%*
2 411 0.5871

el 3.40 1.13 6.40 0.052 4
W 0.7087  0.1772

B 272,55

FERL 618, 60 68.73 131.05  <C0.000 1%**
X, 6.86 6.86  13.09 0. 008 5%+
X, 11. 50 11.50  21.92 0.002 3%*
X, 6.55 6.55  12.49 0.009 5**
XX, 0.5184 0.5184 0.9884 0.3533
XX, 18.62 18.62  35.50 0.000 6+*
hE XX, 19.32 19.32  36.83 0.000 5**
BRAE X2 431.30  431.30  822.32  <C0.000 1%+
X, 66.73 66.73 127.23  <<0.000 1%*
X’ 20. 54 20.54  39.16 0. 000 4**
% 2% 3.67 0.524 5
S 2.57 0.8579 3.13 0.149 9
2% 1.10 0.274 5
B 622,27
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0.01). R

TR G ks IR R R 22 TR S PR . i
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Bl 289.83  32.20  228.06  <<0.000 1#x
X, 40.41  40.41  286.18  <C0.000 1**
X, 66.01 66.01 467.48 <<0.000 1**
X, 39.52  39.52  279.85  <C0.000 1**
XX, 8.76 8.76  62.05 0.000 1%*
XX, 16.08 16.08  113.88  <<0.000 1**
i XX, 10.30 10.30  72.97  <C0.000 1**
WiEE xp2 37.60 37.60  266.31  <C0.000 1**
X, 30.21 30.21  213.93  <C0.000 1**
X2 29.53  29.53  209.16  <C0.000 1**
2= 0.9884 0.1412
K 0.7009 0.2336 3.25 0.142 3
R 0.2875 0.0719
A 290. 82

SN BB A RN 3G R 00 Z o BT N ER 6 s . 1%
BORVR B W 25, R A0 B G A% SRR p (/N T 0. 01,
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fH40.995 9, B 5HAE LG RIF . PrikfRm
SR A 4 A i 1 [ AR RN 28 (17) s o 52 i S
BRI ZITF N X, > X, > X, A R 4% R A R
M pAE/NT 0. 01, iz M AU A Al L dE M 2 . P gk
75 B4 &1 P T 428 2 A0 o 107 [m] AR R 4 5 (18) fif s o B2
SRR RZNF 8 X.>X, >X,, RERN
0.995 8, R Z B HEHE A BRI

Y.=097.92 4 0. 65X, + 1. 28X, + 0. 55X, +
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Tab. 6 Variance analysis result of outer ring seed-metering

performance test

fg KB TR BB P P
AL 600.93 66.77 187.92 <C0.000 1**
X, 3.37 3.37 9.48 0.017 9%
X, 13.11 13.11 36. 89 0. 000 5*x*
X,  2.45 2.45 6.90  0.034 0
XX, 0.632 0 0.632 0 1.78 0.224 1
XX, 31.47 31.47 88.58 <C0.000 1**
Nl X, X, 17.94 17.94 50.48 0. 000 2%*x*

BRAE X7 434.81  434.81 1223.72 <<0.000 1**
X, 50.83 50. 83 413.06 <C0.000 1#x

X2 14.76 14.76 41.53  0.000 4**
2z 2.49 0.355 3

K 0.5209  0.1736 0.3532  0.790 5
w®E - 1.97 0.491 6

AT 603. 42
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Fig. 10 Parameter optimization zone
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Tab. 7 Comparison of the optimized value and actual value %

IRl 287.86 31.98 182.45 <C0.000 1#*
X, 43.62 43.62 248.81 <C0.000 1**
X, 64.41 64.41 367.43 <0.000 1#*
X; 37.58 37.58 214.40 <<0.000 1#*

XX, 7.98 7.98 45.52  0.000 3**
XX, 16.85 16.85 96.12 <<0.000 1%*
s XX, 8.91 8.91 50.83  0.000 2%x

WEER  x?  35.97 35.97 205.18 <C0.000 1*x*
X, 28.20 28. 20 160.84 <Z0.000 1#*
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B 7= 1.23 0.175 3
A 0.8735 0.2912 3.29 0.139 9
W 0.3537 0.088 4
BT 289. 09

- kR Ui 76 2%

Ptk fa HEHH el HSE
M 95.12 95.05 3.67 4.12
ol 94. 68 93.98 3.12 3.56
e 94. 24 92.73 2.58 2.86
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Tab. 8 Field experiment results %
(DAL GRS RS
A1 Fel 88.21 9.39
el 89.18 6.92
P el 91.63 4.12
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