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Design and Experiment of Vertical Groove Seed Feeding Device in
Air-assisted Centralized Metering Device for Rapeseed and Wheat

SHI Binbin'  WANG Chuangi' CHEN Xueer' HE Kaiwei' LIAO Qingxi'®> LIAO Yitao'"
(1. College of Engineering, Huazhong Agricultural University, Wuhan 430070, China
2. Key Laboratory of Agricultural Equipment in Mid-lower Yangize River,
Ministry of Agriculture and Rural Affairs, Wuhan 430070, China)

Abstract; Aiming at the problems of complex seeding structures and insufficient seeding rates under
high-volume conditions in existing pneumatic seeding devices for both rapeseed and wheat, a vertical
trough high-throughput seeding device was designed. The working principle of the seeding device was
expounded, the main structural parameters of the variable volume seeding mechanism were determined,
the effects of working parameters such as seeding speed and the extension length of vertical trough wheel
blades on the seeding performance for rapeseed and wheat were analyzed, and the optimal working
parameter ranges for the seeding performance of rapeseed and wheat were clarified. The EDEM simulation
test results showed that vertical trough seed supply device had good arch-breaking and seed-filling
performance, as well as consistency of seed movement trajectory during seed supply. When the seeding
speed for wheat was not less than 20 r/min and the blade extension length was not less than 9 mm, it can
effectively avoid pulsation seeding issues and achieve stable seeding for both rapeseed and wheat. Bench
test results indicated that when seeding rapeseed at a seeding speed of 10 ~ 30 r/min, the seeding
device’s seeding rate can reach 66.20 ~ 210.41 g/min, with coefficient of variation for seeding rate

stability of less than 2. 3% and seed breakage rate of less than 0. 65% . When seeding wheat at seeding
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speed of 20 ~50 r/min and blade extension length of 9 ~21 mm, the seeding device’s seeding rate can

reach 1 184.20 ~ 6 080. 44 g/min, with coefficient of variation for seeding rate stability of less than 1. 9%

and seed breakage rate of less than 0.4% . Field test results showed that when the seeding rates for

rapeseed and wheat was 6. 5 kg/hm’ and 180 kg/hm’ | respectively, the total seeding errors for the seeder

equipped with the vertical trough seeding device was 1. 68% and 4. 16% , respectively. Post-emergence

measurements indicated that the average plant spacing for rapeseed and wheat was 56.96 mm and

23. 34 mm, respectively, and the coefficient of variation of the consistency of each row was 16. 92% and

18.02% , respectively, meeting the standard requirements of seeding operations.

Key words: rapeseed; wheat; vertical groove seed feeding device; variable volume of seed space; air-

assisted centralized metering device
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Fig.1 Structure diagram of air-assisted centralized

metering device for rapeseed and wheat
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Fig.2  Schematic of division of seed supply process

in vertical groove seed feeding device
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Tab.1 Mechanical and physical properties of

rapeseed and wheat seeds

28 H #9023 AE 3 A% 62
K B /mm 6.28 2.40
56 ¥ /mm 3. 12 2.18
JE B/ mm 2.69 2.05
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Tab.3 Contact parameters between seed particles
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Fig.8 Variation curves of parameters of seed movement process with time for different types of seeds
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Fig.9 Simulation results of seed supply under

different working conditions
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Tab.4 Seed supply performance of seed supply device

under different working conditions

o R bR piEs RS R RCE
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9 8.03 7.45

10 13 14. 61 6. 46

17 20. 10 5.82

21 25.09 5.78

5 8.27 6.83

9 24.74 2.41

INFE 30 13 42.89 2.42
17 59.58 2.17

21 75.92 2.09

5 12.56 6.11

9 39.19 1.92

50 13 70. 07 0.96

17 98. 11 1.36

21 126.03 0. 64

10 0 1.02 2.45
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30 0 3.08 1.49

MR 4 R, S SR HE R T 00T, 24 A B 3
10 r/min J1] 30 r/min 3% 39 B, fEFH R E PEAS S R AL
b, B E T /N T 2.5% RS E 1R
RAf o NAMF TOLT , B I Fh e e L o (i
A, BERR R E PR e R AUR R R R,
Y e B E S mm B 9 mm I, AR E
AR R BOCR R W R, T R 9 mm )
21 mm 8IS, HEAD RS TE M AR S 2R B R /0N I R o ik
HE A I g i i i i O S mm B R
it B AR R R, /N BE R B AL £ s gl
AT R T, SEEFNFRE P82, T 2 0 7
M2 9 mm L UL 5, R R0 SRR ) A5 2 %
e o TR I I A B b A ) H I )N 22 AR D R E 1



110 & ok L

L

2024 4

St RBUR B AR R AE F, 5 il S R R AR S R AL
A5 Ak B 2 S K, A b LD DR R /N A R AL e
2BE B PN R AR LR 25 o s T A & S X 8 A 08 7 I S
P, HA AR B B F 38T —H
RSP (8] 1 55 — B P, 7R R — 2 s )5S —
5 A I G R B b DX IR ) I 2 b A ) 5 PR R PR
EBFREEAE A B8 7 D I EER I T R A
VEFP O H BB % 25 R 2 TR R 5 B e /A Ak T
FER X, N — 2 A oS 8] Oy B AR A, BB AR
KH
60
r=5 (18)

A T——AR AR WA s R JT i L O 1) 22 s

10 r/min 30 r/min 50 t/min 10 r/min

4 5 6 7 8
iES
(a) I i 555 mm

140 - 10 r/min 30 r/min 50 r/min

4 5) 6 7
it ] /s
(d) P H-fdi B 17 mm

4

Bl
(b) - F- {1 4 5-9 mm

30 r/min

O e R A /N 2 o 2 DA RSBEIR 25 1] B
fai g, S ECVK Bl AL Bl (] A= BRI R R AR E
Ph o R FT A ik Bl (A ] UGt 1 BE 14 52
Wi KL, N EDEM Ji5 A BEAE B S i 1 ~ 8 s {5 EL I
(6] A AN [R] 00 T 4 o 2 /08 22 A3 ol I 5F it O
AR N A 10 7%, HG v Sy i 3 D 5 i A ity
LA HLAE , 2% Nyquist — Shannon R A2 H, Wit i
ot Y SR BB N B 10 ~ 50 v/ min {8
B0 H A B o A i R v AR Y A T e 3 (18)
AT g PR R 4 9 ] B B 5 A A A A AR M 7
MG Z, Y AUEFP 5Lk 50 v/ min B B E 4 7% 0] B
0. 13 s, P it 26 AR ol I 1sf i O ik OR R B 400 A
0.06 s,
30 r/min 50 r/min

50 t/min 10 1/min

5 6 7 8 3 4 5 6 7 8
HfE] /s

(c) i B fd B 413 mm

180 - 50 r/min
160

_ 140

2120

5

=100

]

10 r/min 30 r/min

4 5 6 7 8
iES
(e) i - ff B FE21 mm

P10 A he /N 2 I IR ieF 3 3 e 28 o 2

Fig. 10  Change curves of instantaneous mass flow of wheat seed supply device
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Influence law of pulsation feeding problem

on feeding performance
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Fig. 14  Effect of rotational speed of seed supply

device on seed supply performance of rapeseed

Effects of rotational speed of seed supply device and leaf elongation on seed supply performance of wheat
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Tab.5 Test results of seed feeding and seeding

performance
L ) AR ARXT
it A e o/ ik A e 2/ ﬁﬁﬂl‘ﬁ$/: -
9 L 1 L R Y
(remin~") (grmin™") (grmin~") _
15/ mm 2/ % %
15 4401.28 4377.68 1.12 0.54
35
19 5341.33 5240.52 0.83 1.92
N
15 5148.38 5125.20 0.97 0.45
45
19 6327.15 6219.62 0.63 1.73
15 0 98. 63 96. 97 1.98 1.68
ES
25 0 172.93 172. 50 1.62 0.25
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Fig. 15 Field seeding test and seedling emergence
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Tab.6 Measured values of seedling emergence
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