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Design and Test of Chain-spoon Type Precision Seed-metering Device for Garlic
Based on DEM — MBD Coupling
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(1. College of Engineering, Nanjing Agricultural University, Nanjing 210031, China
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Abstract; A new type of chain-spoon type garlic precision seed-metering device was designed to solve the
problem of the high missing rate of the previous devices. The overall structure and working principle of
the seed-metering device were explained and analyzed, the design of its key components was optimized ,
the working process of the seed-metering device was analyzed, and the key factors affecting its operational
performance were identified. A single-factor simulation test based on EDEM-RecurDyn coupled
simulation was conducted to investigate the effects of active sprocket rotational speed, seeding chain
inclination in the seed-filling zone, and seed layer’ s height on the seeding performance. Besides, a
quadratic regression orthogonal rotational combination simulation test was carried out with the active
sprocket rotational speed, seed layer’s height, and seeding chain inclination angle as test factors and the
single seed picking rate, missing rate, and replay rate as test indicators. A regression model of the
evaluation indicators and test factors was established, and the parameters of the test factors were
optimized. The test results showed that the best performance was achieved when the active sprocket
rotational speed was 23. 1 r/min, the seeding chain inclination angle was 67. 6°, and the seed layer’ s
height was 301.5 mm. At this time, the rate of single seed-picking was 92. 5% , the missing rate was
2.5% , and the replay rate was 5. 0% . Bench tests were carried out to verify the seed-metering device’s
operational performance, and the results generally agreed with those predicted by the regression model.
This study provides a reference for the optimized design of chain-spoon type garlic precision seed-metering
device and its key components.
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Fig. 1 Schematic structure of chain-spoon

type seed-metering device for garlic
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Tab.1 Garlic seed size measurement results

e KB/ mm 5 &/ mm JEBE/mm
SN 1 36.5 20.8 21.4
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Fig.3 Schematic diagram of spoon structure
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5 2l 4 PR B 0.31 0.22 0.32
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Garlic clearing track
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Fig. 18 Velocity change curve of removed garlic
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Fig. 19  Monitor in the simulation experiment
3.3.1 Eohikfeiek
R 5T F Bl B A e 10k HE b AR A R RE B R

Wil , P ELA e rf, e HE R EE 2R BTA O 70°, Bl R
J& 5 290 mm , py B SCRR, R g 4 b BL AT Ol 8 RE —
FeAE I 2.5 km/h, iy 30(6) AR R AL A Al 32 5
5 il 8 T AL X G AR Bk B Bl i A R 10
20,30 .,40.50 r/min $t 5 A oK P A7 B R 7 K
B, B g A URL T R B AR 7 AR 4300 O 0,02,
0.028.0. 036 .0. 044 .0. 052 kg/s, DL 45 A [a] 13 B
Tt A2 5 BE R AR E IR E5 R 3k 3 s
R3I ARAREHEER

Tab.3 Simulation results for different speeds %

EErT \ \
g, PBOBH W R PHR TR FHE
31

(remin~")

1 87 3 10

10 2 88 2 10 87.0 2.7 10.3
3 86 3 11
1 90 4 6

20 2 89 3 8 89.7 3.3 7.0
3 90 3 7
1 93 4 3

30 2 91 5 4 92.0 4.7 3.3
3 92 5 3
1 88 10 2

40 2 87 10 3 87.0 10.7 2.3
3 86 12 2
1 83 17 0

50 2 83 16 1 82.3 16.7 1.0
3 81 17 2

MR 3 AT Bl AT 2 SR R B, Bk
ATV T W0 U T R R, T S R
AN, ESNEERE O 30 o/ min B, BRI R . 1K
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% & B E F B EE RS HR 20 ~ 40 r/min,
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Fig.20 Effect of different rotational speeds on population
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Tab.4 Simulation results for different seeding

chain inclination angle %
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Effect of different seeding chain inclination

angle on population
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Tab.5 Simulation results for different seed

layer heights %
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Fig.22  Effect of different seed layer heights on population
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Tab.6 Coded value of test factor

K%
1% F By 4 e e o/ HE S FR o2
(remin~") () mm
-1.682 20.0 60. 0 290.0
-1 24. 1 64. 1 318. 4
0 30.0 70.0 360.0
1 35.9 75.9 401.6
1. 682 40.0 80.0 430.0

x1T ABEAREER

Tab.7 Experimental program and result

e x, X, N Y,/ % Y,/ % Y5/ %
1 -1 -1 -1 90.9 2.4 6.7
2 1 -1 -1 89.2 9.1 1.7
3 -1 1 -1 90. 1 5.7 4.2
4 1 1 -1 88.5 8.1 3.4
5 -1 -1 1 86.3 3.0 10.7
6 1 -1 1 88.2 5.1 6.7
7 -1 1 1 90.7 6.1 3.2
8 1 1 1 90. 8 6.7 2.5
9 -1.682 0 0 91.5 3.1 5.4
10 1.682 0 0 85.1 10. 1 4.8
11 0 -1.682 0 86.3 5.0 8.7
12 0 1.682 0 90.2 8.1 1.7
13 0 -1.682 92.8 5.4 1.8
14 0 0 1.682 87.5 4.7 7.8
15 0 0 0 92.3 4.0 3.7
16 0 0 0 91.3 4.4 4.3
17 0 0 0 92.5 5.1 2.4
18 0 0 0 92.2 4.1 3.7
19 0 0 0 94.9 3.4 1.7
20 0 0 0 92.1 4.2 3.7
21 0 0 0 92.2 4.7 3.1
22 0 0 0 91.8 3.4 4.8
23 0 0 0 92.3 4.6 3.1
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1.31x7 —1.33x; (12)
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0. 80x,x, +0. 76x] +0. 74x] (13)
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RO ROREVEER S Qib} xR G R T SN T
B R U F N - B R AR | HE R BE A% BUAR
JREE . SR R AR U RO R A A
il )2 e B BB A
3.4.2 0w N TE T

M 25 136 35 s [ 1A R0 450 7 1T, 4 5T 23 i
Mo 1E123a AR R 360 mm i, 35 Bl 6 58 5
TR BE 26050 F 1) 22 AR RO e SE R B R0 0 o 24 4
Fobv e A0 A — S I, The 8 A< Bl 2 50 B 48 e A 3
T3 R, >4 = 2l B e A o — S ) T 70 A B A B 2%
15 £ 9 18 i imy L 7

Pl 23b S HE B T D 70 B R A
B BE RS 1 22 B RO SE R MR . SRR
JEE — 5 I, T 7 S ) Bl 2 = 0 B 4 A 3 A g g
R, 28 T B 5 H0 T LA I, ol 6 g X e T R
Wi AN R, 24 i 8 B T A i I, T T8 AR e B i o 2
PRSI0 i/ o

Pl 23 ¢ S FfJZ 5 S5 O 360 mm i, 3 Bl fE 4R 5%
I ol 8 2% 100 £ 1) 52 A A G F R R I . 2 R
ol BE A5 000 A — JE I, T 0 R B A T B0 B 4 o A Y
TN 28 ¥ sk , 24 2 2l BE 5 T B v I, TR B
R Fob 68 25050 #1938 0 A8 A /0N, Y 2 2 i B e A B
BRI, 70 3 I A R Aol 5% 2% M50 #A #9800 i /1 o

K 23d O F B BE 48 5% 18 O 30 o/ min B, BB R &
JEE L HE o 68 25000 A o B SE R A RO o 25 R JR



512 ) Zefk 45 . BT DEM — MBD #56 094E ) X Rk & HEFP 245 31 500 157
R8 FEDWER
Tab.8 ANOYVA table
KR PR A F P FHR AR F P R A EE r P
iRl 105.94 9 5.96  0.0021* 82. 43 9 20.88 <0.0001™  109.92 9 10.43  0.0001*
%, 10. 66 1 5.40  0.0371" 40. 69 1 92.75 <0.0001** 9.70 1 8.29  0.0129"
%, 10. 65 1 5.39  0.0371°" 10. 92 1 24.90 0.0002™  43.14 1 36.85 <0.0001*
3 9.88 1 5.00  0.0435° 2.28 1 5.19 0.0402* 21. 64 1 18.48  0.0009 "
X%, 0.36 1 0.18 0.6759 4.20 1 9.59 0.008 5" 7.03 1 6.01 0.0292"
PN 3.51 1 1.78  0.2053 5.12 1 11.67 0.004 6" 0.15 1 0.13  0.7250
X3 9.03 1 4.57  0.0520 0.72 1 1. 64 0.2225 14. 85 1 12.69  0.003 5"
0 27. 47 1 13.91  0.0025* 9.20 1 20. 96 0.0005 ** 4.88 1 4.17  0.0621
X3 28.21 1 14.29  0.0023* 8.77 1 20. 00 0.000 6 ** 5.52 1 4.72 0.0490"
b 6.94 1 3.51 0.0836 0.72 1 1. 64 0.2227 3.19 1 2,72 0.1228
5k 2% 25.67 13 5.70 13 15.22 13
EE0 17. 65 5 3.52 0.0559 3.11 5 1.92 0.1957 8. 11 5 1.83 0.214 1
R 8. 02 8 2.59 8 7.11 8
B 131. 62 22 88. 13 22 125. 13 22

T+ RN W3 (0. 0L <P <0.05) , =+ /R W (P <0.

P23 2% DR S AR X6 35 AR 1) WS A T

Response surface of the interaction of factors on the test indexes

Fig. 23
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Tab.9 Result of benth test % B ERHEAT T3 45 BT, 25 BT R URR M B 0 6
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. o - - 9 290 ~ 430 mm i}, R 2R 3 BT U S0 % P
SE A4 92.8 2.6 4.6 FEREAR, A HERE RS .

(3) TE 51K %0 7 ZOAE f 26 B W0, 2% 3 3 e e
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