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Design and Experiment of Multi-disturbance Cleaning and
Single-seed Sowing Device for Garlic
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Abstract; In response to the common issues of seed leakage and reseeding during the seed-picking
process of a spoon-chain garlic seeder, a novel multi-disturbance cleaning and single-seed sowing device
was designed. The sowing device collected multiple garlic seeds during the seed-picking process and
underwent multiple disturbances to ensure that only one seed remains in the sowing spoon. Focusing on
Jinxiang garlic seeds and elucidating the working principle of the sowing device, the optimal parameters of
the sowing device and the installation position of multi-disturbance device were determined. Through
DEM — MBD coupled simulation experiments, the influence of tilt angle and scoop speed on the success
rate of seed filling and the impact of groove shape on the single-seed extraction rate were analyzed.
A three-factor three-level orthogonal experiment was performed by using the Box — Behnken central
composite design method, with the slope of the second arc-shaped prominent part, inclination angle, and
spoon linear speed as experimental factors, and the single-seed qualification rate and seed leakage rate as
evaluation criteria. Design-Expert 8. 0. 6 data analysis software was employed to analyze the effects of
each factor on the single-seed sowing rate and seed leakage rate and optimize the experimental factors to
determine the optimal structural parameters of the multi-disturbance device. A validation experiment was

conducted using a test rig to verify the simulation results. Under the conditions of an inclination angle of
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15° and a spoon linear speed of 0. 07 m/s, the multi-disturbance device was adjusted to adapt to different

levels of garlic seeds by adjusting the distance between the device and the top of the sowing spoon groove.

The success rates of single-seed sowing were 92.2% , 97. 2% ,

and 95. 6% for Grade | , Grade II , and

Grade Il garlic seeds, respectively, demonstrating excellent sowing performance.

Key words: garlic planter; multiple disturbances; single-seed sowing; seeder; DEM — MBD
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Fig.2 Working principle diagram of seed metering device
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Tab.1 Size range of Jinxiang garlic
373 K BE/mm i BE/mm JELJ /mm
1 26 ~30 13.4 ~20.2 13.5~17.5
I 30 ~33.5 15.8 ~22.5 17.5 ~21.5
I 33.5~37 19 ~25.6 21.5~25.5
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Fig.3 Force analysis during seed filling process
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Garlic model and seeder model
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Fig. 13 Velocity vector diagrams of seed filling process
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Tab.5 Single-seed sowing success rate for each

groove configuration of sowing spoon %

M1 48 [i2) B B/ [U] 4 5 BE A/ mm

mm 2.5 3.0 3.5 4.0 4.5
2.5 77 87 89 86 81
3.5 88 95 95

4.5 85 98

5.5 75

HITESERTUES,SYA=3 mm . B=4.5 mm
I, BORLIRCR R f g, 2 () TF58 AT A WA I R 2
C=2.7mm fEESERE V=2 mm,
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P[] 22 S0 gl Al o 2 9I0E 58 H 20 R (R
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Tab.6 Test factors and codes

it i W iR TR A 2
x,/ % %,/ (%) xs/(m-s_l)
-1 30 0 0. 04
0 50 15 0.07
1 70 30 0.09

3 Pl BB R R 1 5 R, e A %
TN T B ATk K. AR I T 200
WHRP , S A) N Fr A AT 0T, T A (. PR
R RS

Y, == x100%
m
(12)
Y, =% x100%
m

m—iﬁgﬁlé\ﬁ(ﬁ

Yz—i)ﬁ'jﬁ% 9%

n TR 52 RS BOR AT P Bk i R R B
0 T Bl 5E B BURP A P G 6 R B
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MR IR B 2R A AL A FE ()40 o 5K, o B

RLIURH DR Y, SR Al Y, AR N W DA, X, X, (X
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Tab.7 Test scheme and results

B kS Y, /% Y, /%
Xl XZ X3

1 0 0 0 98.5 0.5
2 -1 1 0 95.5 2.0
3 0 0 0 99.0 0.5
4 0 0 0 96. 5 0.5
5 0 0 0 99.0 0
6 1 1 0 86.5 4.0
7 1 0 -1 85.5 4.5
8 -1 0 -1 93.5 2.0
9 0 0 0 97.0 1.5
10 1 -1 0 94.5 3.0
11 0 -1 1 94.5 2.0
12 0 1 1 90.5 5.5
13 -1 -1 0 94.0 2.5
14 0 1 -1 94.0 1.5
15 1 1 93.0 4.0
16 -1 1 95.5 2.0
17 0 -1 -1 88.5 3.5
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HOF X, Xy X X, XX XD X0 XS R g, L
RARZE ;X WA Y, Bl 5, 76 P <0.05 K
ELX XXX R L AR B, PR
P <0.01, {5 B HUR ICRR A Y, 5 J Fl 58 Y, A Sy il i
PR ES A ] O AR A I 2 R B P > 0. 05, R UK i
&, N EA B A A O FE

Y, =98 -2.37X, -0.63X, +1.5X, -
2.38X,X, +1.38X,X, -2.37X,X, -
2.69X; —2.69X; 3. 44X; (13)
Y, =0.6 +0.88X, +0.25X, +0.25X, +
2.38X,X, 0. 125X, X, + 1. 38X, X, +
1. 14X; + 1. 14X; +1. 39X, (14)
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Tab.8 Variance analysis

LS SR CEOrA HEE F P
LR 242.26 9 26.92  <0.01*
X, 45.12 4512 <0.01*
X, 3.12 3.12 0.33
X5 18. 00 18. 00 .04"

22.56 .03°

0

X, X, 22.56 0
X, X, 7.56 7.56 0.15

0

0

A LX,  22.56
PR R 3 X2 30. 41

22.56 .03"

1
1
1
1
1
1
1
X% 30. 41 1 30. 41 0.01°"
1
7
3
4

30. 41 01"
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T 25 20. 12
ST 14.62 3.55 0. 1265
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eyl 262.38 16
(e 36.52 9 9.63  <0.01"
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XX,  0.5625 1 1.33 0.29
X, X5 0.0625 1 0.5 0.71
X, X, 7.56 1 17. 94 0.31
Thi i X3 5.45 1 12.93  <0.01*
X3 5.45 1 12.93  <0.01*
X3 8. 11 1 19.23  <0.01*
W2 2.95 7
AU 1.75 3 1.94 0.2643
PR 1.20 4
A 39.47 16
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Fig. 15 Test bench and test process diagrams

BURPA TR/ (m - s7")
P16 ASIa]EBE T R B IR ol 2 %
Fig. 16  Success rate of single-seed collection

at different speeds

15

i)
B17 TR TR A T BB TR G 2 ¢
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