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Design and Experiment of Spinning Disc Precision Centralized
Metering Device for Rapeseed Based on Bezier Curve
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(1. College of Engineering, Huazhong Agricultural University, Wuhan 430070, China
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Ministry of Agriculture and Rural Affairs, Wuhan 430070, China)

Abstract; Considering the facts that the uniformity of seeding distribution in the existing mechanical
centrifugal centralized metering device for rapeseed which led to the lower apiece row consistency, a
spinning disc precision centralized metering device for rapeseed based on Bezier curve was developed.
The working principle of the distributor device was elaborated. The parameter equation of the guide vane
curve of the spinning disc was constructed by using Bezier curve’ s tangential vector property and the
characteristic of no curvature mutation. The dynamic and kinematic models of seed particles were
established, and the key structural parameters and ranges affecting the seed performance were
determined. The EDEM discrete element simulation software was used to carry out the quadratic
orthogonal combination test in order to establish a mathematical model between the performance of the
apiece row consistency variation coefficient and guide vane’ s inlet angle, the outlet angle, the wrap angle
and the quantity. The results showed that the sequence of factors affecting the apiece row consistency
variation coefficient were vane’ s inlet angle, the outlet angle, the quantity and the wrap angle. The
optimal parameter combination was established when the guide vane’ s inlet angle was 36°, the outlet
angle was 26°, the wrap angle was 55° and the number was 8. Based on the optimal parameter
combination, the bench verification test results of the metering performance at different rotational speeds
showed that the metering device could adapt to different rotational speeds according to the sowing
demand, and when the rotational speed was 60 ~ 100 r/min, the apiece row consistency variation

coefficient was less than 3. 9% , the single row stability variation coefficient was less than 4. 6% , and the
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damage rate was less than 0. 5% . The field experiment showed that when the planting speed of the seeder

was 4. 15 km/h, the apiece row plant distribution consistency variation coefficient of rapeseed was less

than 14% . It could meet the seeding performance requirements of rapeseed.

Key words: rapeseed; precision centralized metering device; spinning disc; Bezier curve; guide vane
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Tab.3 Experiment results

En S AT — 2k
75 X, X, X, X, BREREY/ %
1 -1 -1 0 0 4.98
2 1 -1 0 0 4.39
3 -1 1 0 0 5.09
4 1 1 0 0 3.56
5 0 0 -1 -1 3.55
6 0 0 1 -1 3.74
7 0 0 -1 1 3.76
8 0 0 1 1 3.95
9 -1 0 0 -1 4.58
10 1 0 0 -1 3.99
11 -1 0 0 1 5.34
12 1 0 0 1 4.08
13 0 -1 -1 0 3.40
14 0 1 -1 0 3.17
15 0 -1 1 0 4.09
16 0 1 1 0 3.31
17 -1 0 -1 0 4.68
18 1 0 -1 0 3.61
19 -1 0 1 0 4.61
20 1 0 1 0 4.04
21 0 -1 0 -1 4.42
22 0 1 0 -1 3.65
23 0 -1 0 1 4.38
24 0 1 0 1 4.19
25 0 0 0 0 2.57
26 0 0 0 0 2.51
27 0 0 0 0 2.41
28 0 0 0 0 2.39
29 0 0 0 0 2.38
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Tab.4 Variance analysis of apiece row consistency

variation coefficient

TERW CFIM AW BrE F 14

Hii 75 18.75 14 1.3 62.55 <0.0001"
X, 2.62 1 2,62 122.49  <0.0001**
X, 0. 60 1 0.60  28.16  0.0001"
X, 0.21 1 0.21 9.59  0.0079*
X, 0.26 1 0.26 12.19  0.003 6™
X, X, 0.22 1 0.22 10.32  0.0063
X, X, 0. 063 1 0. 063 2.92 0.109 6
XX, 0.11 1 0.11 5.24 0.0381°
X, X5 0.076 1 0.076  3.53 0.0812
X, X, 0.084 1 0.084  3.93 0.067 5
X, X, 0 1 0 0 1.000 0
X 10.73 1 10.73  501.10  <0.0001*
X3 3.6l 1 3.61  168.64 <0.0001"
X; 1.07 1 1.07 49.96  <0.0001*
X; 4.92 1 4.92  229.88 <0.0001*
241 0.27 10 0.027  3.87 0.1020
W 0. 028 4 0.007

S| 19. 05 28

T wr TR 2 W3 (p <0.01), = R %5 % (0.01<

p<0.05),
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Fig.9 Effects of various factors on apiece row consistency variation coefficient
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Fig. 10  Distribution diagram for rapeseed

4 IEK
4.1 aHRIAR

o B e FLAE R A B, DA A AN [R] e i i

SEHEAR XSSP 5 19 70 Fp PR BE B SR HESR 22 T A
i B HE R 5 LT R g Uk g, WA 11 R,

B e s O B AR B
Fig. 11  Platform of spinning disc precision centralized
metering device
AR 2. fEANEE 3. R E 4. S S Bl 6.0k
BEs 7R 8 HEHITE 9. WHEIFR 10, IR
W DL AR 2% 62 D 38 A R, TORL B
4.68 g, B KR 4.58% 20 Ky i f Ay Fh B B P T
P R A AR R 45 I 2 X L 2
FE AL, L B L LA BE 10 AT $R B B AR 3 60 ~
100 r/min'*" , £ i 10 r/min g — K-, 2k P
LAY BRE Ml 2 B 25 A S BOT i I E R S
U, GETH M= A T 60 s PN Y B B R A AT HE
i — B S A BORN AT R AR E R S R R
a5 RANER S PR o
£5 HHBAMEERBER
Tab.5 Seeding performance test results of centralized

metering device

HATHEE— AT HEM

S/ KITEH T T v
, VU mmess mehers
(remin~")  HEFE/g ] ) /%
FRE/ % RE/ %
60 9.29 3.84 4.11 0.31
70 10. 27 3.31 4.50 0.37
80 11.51 2.87 3.68 0.42
90 13.26 3.09 3.99 0.42
100 15.48 3.20 4.24 0.48
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Fig. 12 Field experiment and growth performance
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Tab.6 Field distribution for rapeseed
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Fig. 13 Field experiment for rapeseed in different areas
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