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Simulation and Experiment of Seed Taking Performance of Swing-
clamp Type Maize Precision Seed-metering Device

ZHANG Xuejun'® CHENG Jinpeng' SHI Zenglu'® WANG Meijing' FU Hao' WU Haifeng'
(1. College of Mechanical and Electrical Engineering, Xinjiang Agricultural University, Urumqi 830052, China
2. Xinjiang Key Laboratory of Intelligent Agriculiural Equipment, Urumgi 830052, China)

Abstract; In response to the problem of large differences in size of three axes of maize seeds, which are
prone to omission and re-taking during seed picking, a swing-clamp type maize precision seed-metering
device was designed, its structure and working principle were introduced and analyzed, and the key
components were designed. The key factors affecting the seed extraction performance of the seed-metering
device were obtained by establishing mechanical and kinematic models for analysis. The simulation model
was established by EDEM software to further analyze the influence law of population height and seed-
metering device’s rotational speed on population flow speed, and the seed-mertering device’s fetching
performance curve was obtained. The seed picking block opening and closing angle, seed feeding
cylinder installation height and seed-metering device’s rotation speed were used as experimental factors,
and the single seed picking rate, leakage rate and multiple picking rate were used as evaluation indexes
for the secondary orthogonal rotation combination simulation test, the results showed that the optimal
combination of parameters was 43. 87° of seed picking block opening and closing angle, 37. 84 mm of
seed feeding cylinder installation height and 0. 41 r/s of seed-metering device’s rotational speed. Under
the optimal combination of parameters, the seed row performance bench validation test was conducted,
and the seed row qualification index of the seed rower was 94. 11% , the missed seed index was 2. 52%
and the reseeding index was 3.37% , meeting the industiry standard and agronomic requirements. The
research result provided a theoretical reference for the design optimization of different working area
components of the mechanical corn precision seed-metering device.
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Fig. 1 Schematic of seed-metering device’s structure
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Fig.2 Cutaway view of seed-metering device
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Fig.3 Working principle diagram of seed-metering device
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Tab.1 Maize seed geometrical parameters
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Fig.4 Schematics of three-dimensional

structure of seed picking block
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Fig.5 Phase relationship diagram
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Fig.6  Cam profile curves
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Fig. 10 Force analysis of seed-holding process
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Tab.2 Simulation parameters setting
i H S8 K fE
B/ (kgem ) 1276
F K RL Sy I &/ MPa 127
H{EE/AYE 0.4
B/ (kgom ) 1300
T A e B bt/ MPa 1.39
THFA 0.3
BRE/ (kgom ) 7 800
i By YIS i/ MPa 7 x10*
THFA L 0.3
IR 182 IR K 0.32
L Ve E A B JEE 48 DR A 0.05
il K 52 FR B 0.75
IR 12 R 0.33
FE R IR 2y JE 452 R 5 0.01
il 80K 2 2R 0. 66
R 12 DR B 0.31
R 2y B 4 I AL 0.02
ilf $i R S 2R B 0.72
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Fig. 14 Velocity curve of seed population
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Seed population’s velocity curves under different factors
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Tab.3 Factors codes of experiment

EES

i1 R B IT A Al A R g HE b5 %
x,/(°) X,/ mm x3/(r's_l)

-1.682 36.6 23.2 0.23

-1 40.0 30.0 0.30

0 45.0 40.0 0.40

1 50.0 50.0 0.50

1. 682 53.4 56.8 0.57

PRI B op S 5 ] EDEM v A5 50 28 i (]
ot AL K 28 B R 0 AT R Y 5 e 4 o R T
F1h o B A7 A b I T S e 2 2R v B 5 A T 4 ) =
A AR A v R TR (78 RO P o2 2 Ay B 4 ) IO B T
G, MR G EUR 100 kL, 2RI 3 L
¥1H .
5.2 RWERDW

1 i #5338 56 £ 9% 3 A Design-Expert 12.0 1 iF
FIBAR A BT, G5 R 4 P, #h X, X, X, Wi
(. H 2 4 FT, 48 8) Je Mo 5 OK RS &t HE i 4%
) BRSO S K T 93 % U UK 5 & R BN T

x4 HEER

Tab.4 Experiment results

S
BoRbEe  pERPEE HERMAR SRR IREOCR EHCR

K e 2w BE O Y,/% Y, /% Y%
Xl g XZ X3

1 -1 -1 -1 9372 2.71 3.57
2 1 -1 -1 93.30  2.90  3.80
3 -1 1 -1 93.56 2.75  3.69
4 1 1 -1 93.22 2.94  3.84
5 -1 -1 1 93.62  2.64  3.74
6 1 -1 1 93.64 279  3.57
7 -1 1 1 93.48 2.89  3.63
8 1 1 1 93.56  2.77  3.67
9 -1.682 0 0 93.73 2,75  3.52
10 1. 682 0 0 93.10  3.08  3.82
11 0 -1.682 0 93.81  2.64  3.55
12 0 1.682 0 93.48 2.79  3.73
13 0 0 -1.682 93.48 2.87  3.65
14 0 0 1.682 93.72  2.75  3.53
15 0 0 0 94.07 2.60  3.33
16 0 0 0 94.14  2.56  3.30
17 0 0 0 94.20  2.45  3.35
18 0 0 0 94.15  2.58  3.27
19 0 0 0 94.17  2.51 3.32
20 0 0 0 94.17  2.58  3.25
21 0 0 0 94.23  2.56  3.21
22 0 0 0 94.09 2.60  3.31
23 0 0 0 94.14  2.52  3.34
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Tab.5 Analysis of variance

L PRI Y, TRHLE Y, EIRK Y,

H IR A B F P For AL H B F p IR HmBEE F p
LT 2.63 9 61.04 <0.0001"™ 0.5219 9 19.2 <0.0001" 0.8781 9 26.9 <0.0001 ™
X, 0.2165 1 45.31 <0.0001* 0.0682 1 22.58 0.000 4 ™ 0.0417 1 11. 49 0.004 8 ™
X, 0.0754 1 15.79 0.0016 0.0231 1 7.67 0.016 0" 0.0150 1 4. 14 0.0629
X, 0.059 8 1 12.51 0.0036 0.0124 1 4.11 0.063 6 0.0177 1 4. 88 0.0457"
X\ X, 0.0025 1 0.5127 0.486 6 0.009 1 1 3.02 0.106 0 0.002 1 1 0.5825 0.4590
X, X, 0.0925 1 19.35 0.0007 0.0153 1 5.07 0.0423" 0.0325 1 8.96 0.0104 "
X, X, 0.000 1 1 0.0105 0.9201 0.002 8 1 0.9314 0.3521 0.003 6 1 0.996 1 0.3365
Xf 1.08 1 226.85 <0.0001" 0.2378 1 78.74 <0.0001* 0.3115 1 85.88 <0.0001 "
X% 0.5142 1 107.59  <0.0001 0.0423 1 14.02 0.002 5" 0.266 1 1 73.36  <0.0001 "
X§ 0.609 1 1 127.46  <0.0001* 0.1154 1 38.2 <0.0001* 0.1983 1 54.68 <0.0001""
Wk 2E 0.062 1 13 0. 003 13 0.047 1 13
2 LT 0.0422 5 3.40 0.060 9 0.0198 5 1.62 0.2583 0.0295 5 2.68 0.103 6
R 0.0199 8 0.0195 8 0.0176 8
)%l 2.69 22 0.5612 22 0.9252 22

s 2R (P <0.01) 5 = 2 WE (P <0.05),
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Y, =2.55+0.07X, +0. 02X, -0. 04X X, +

0. 12X7 +0.05X> +0. 08X; (29)
Y, =3.29 +0.05X, 0. 04X, -0.06X X, +

0. 14X} +0. 129X2 +0. 112X; (30)
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Fig. 19  Corresponding surfaces of interaction of various factors on seeding performance
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Tab.6 Test validation results %
JE oA e LRk T 4% 15 %4 RT3
1 94. 26 2.49 3.38
2 93.71 2.51 3.34
3 94. 36 2.56 3.39
- 94. 11 2.52 3.37
7 iR
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