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Fig.2 Structure of knurled cylinder
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p Table 1 Knurling parameter
B m Modulu ¥ p/mm Pitch h/mm r/mm

- h 2h 0.2 0.628 0.132 0.06

&900 N \ 0.3 0.942 0.198 0.09

0.4 1.257 0.264 0.12

3 REEMTEE 0.5 1.571 0.326 0.16

Fig.3 Sketch of knurling structure
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Fig.4 Force analysis of single seed on compulsory driving
layer in the filling area of internal seed chamber
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Fig.5 The model of rapeseed particle
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Table 2 Mechanical and physical properties of rapeseed and cylinder used in the simulations
2% Parameter )i 2% Simulation parameters BH Value
H 4 /mm Diameter 2
S AF LB S A JA#A L Poisson’s ratio 0.25
The mechanical and physical I R
. BT YI#i i /Pa Shear modulus 1.1X107
properties of rapeseed
% /(kg/m®) Density 680
S e T R A A EE Poisson’s rati 0.30
HE R 16 L bR 4 IFHALE Poisson”s ratio
The mechanical and physical By UI# AL /Pa Shear modulus 8.4X10"
properties of cylinder % /(kg/m?) Density 7 890
5 T o ﬁ*ﬁlﬂ@?ﬁ%%ﬁ Coefficient of restitution between rapeseed 0.60
The contact characteristics UK 8] #4522 38 R 8L Coefficient of static friction 0.50
between the rapeseed Uk ] 31 B #2 2 80 Coefficient of rolling friction 0.01
R HE A VR 57 (8] K B R BL Coefficient of restitution between rapeseed and cylinder 0.60
TS HE e T I A TR 5 HE A VR 1A 1] i EE 8 & %1 Coefficient of static friction between rapeseed and 0.30
The contact characteristics between cylinder
the rapeseed and cylinder Wk 5 HE AP VR 1R 1) 3l R 8 R # Coefficient of static friction between rapeseed and 0.01
cylinder :
F3 HMREHENTHEENI I

Table 3 Effects of cylinder speed on seed filling performance

BRI/ (O
Initial filling angle

IS/
Filling angle

s/ CO
Towing angle

RALIE A HEFR F e 7/ (r/ min)
Knurling form Rotational speed

15
20
115 2
Knurled cylinder 30
35
40
15
20
T A 2
No-knurled cylinder 30
35
40

—2.09 0.90 2.99
—2.03 1.19 3.22
—1.97 1.79 3.76
—2.13 2.00 4.13
—2.05 2.32 4.37
—1.93 2.76 4.69
—1.04 —0.05 0.99
—1.49 0.05 1.54
—1.31 0.90 2.21
—2.26 0.08 2.34
—2.23 0.12 2.35
—2.27 0.10 2.37
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+H#EAE Knurled cylinder
A L AE No-knurled cylinder

*H B Knurled cylinder
A BETE No-knurled cylinder
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Fig.6 Effects of cylinder rotational speed on seed dynamic characteristics
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Table 4 Effects of seed filling height on seed filling performance
R FeIH R B /mm whs TR/ ) FEEM/CH il /)
Knurling form Filling height Initial filling angle Filling angle Towing angle
—15 —12.09 —10.10 1.99
—10 —5.79 —4.01 1.78
AL -5 —2.03 1.19 3.22
Knurled cylinder 0 2.83 5.63 2.80
5 7.72 11.36 3.64
10 11.95 18.37 6.42
—15 —12.25 —11.11 1.14
—10 —6.00 —5.17 0.83
TR —5 —1.49 0.05 1.54
No-knurled cylinder 0 1.62 4.60 2.98
5 7.32 11.53 4.21
10 12.23 18.35 6.12
+VEAE Knurled cylinder * 4% AE Knurled cylinder
A BEAE No-knurled cylinder A FBEAE No-knurled cylinder
1. —_ _
- 1 y=0.027x+ 1.130 2 ¥=0.039x +1.530
Z8 L R=0.975 E k=0.978
S5 1 ) = o
) . 3 =3
X 0.8 - Q
=E o X &
R S 04 ¥=0.015x +0.664 o y=0.026x + 1.074
e o2 R=0.977 % R=0.981
0.0 . . o . ) T . . 1 )
-10 -5 0 5 10 -10 -5 0 10
FEMPE BE/mm  Filling height FEME B /mm  Filling height

1) J1/(x 10°N)
Normal force

*HEIE Knurled cylinder
A JBIEAE No-knurled cylinder

Tangential force

Y1) J3/(x 10°N)

+ A %A% Knurled cylinder
A JGEAE No-knurled cylinder

-10
FEMEE/mm  Filling height
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Fig.7 Effects of filling height on seed dynamic characteristics
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Fig.8 Bench test equipment of pneumatic cylinder-type
centralized precision metering device for rapeseed
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Effects of cylinder rotational speed on seeding performance for rapeseed
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Fig.10 Effects of filling height on seeding performance for rapeseed
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Table 5 Coefficients between towing angle, total force and seeding performance
it [ i 15 A &l LERi TR ERHERE
Ttem Towing angle Total force Qualified index Missing index
i 7 1 Towing angle 1
A 71 Total force 0.973*~ 1
G HAE B Qualified index 0.875" 0.888" 1
4% F8 £ Missing index —0.828* —0.829" —0.983" * 1

oo ox TIRAE 0.01 AKF L BFHG; « KR 0.05 KF L BEMI, Note: * * represents significantly different at the 0.01 prob-

ability levels; * represents significantly different at the 0.05 probability levels.
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Field experiment and emergence performance of rapeseed
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Simulation analyses and experiments of seed filling
performance of pneumatic knurled cylinder-type centralized

precision metering device for rapeseed

LI Shanshan' LIAO Qingxi'> WANG Du' YAO Lu'
LEI Xiaolong® WANG Lei' XING Hechen'

1.College of Engineering s Huazhong Agricultural University sWuhan 430070,China ;
2.Collaborative Innovation Center for Oil Crops in South China ,Changsha 410128,China

Abstract A knurled cylinder for pneumatic cylinder-type centralized precision metering device for
rapeseed was developed.The mechanical model of the single rapeseed on the compulsive driving layer in
the filling area was established via analyzing the motion trajectory of each single seed. The EDEM simu-
lation was conducted to study the effects of the knurled structure,cylinder rotational speed and seed fill-
ing height on the dynamic characteristics of seed. The results showed that the seed filling angle and filling
performance increased with the increase of the friction between the cylinder and rapeseed. The cylinder
rotational speed and seeding filling height affected the angle of seed filling and towing. With the increase
of the cylinder rotational speed,the normal force and tangential force between cylinder and rapeseed, the
total force and velocity of the rapeseed increased linearly. With the increase of the seed filling height, the
total force and velocity of rapeseed increased linearly. The dynamics characteristics of rapeseed with
knurled cylinder was better than that of the normal cylinder. The results of bench experiments showed
that the positive pressure was 500 Pa, the seed filling height was —5 mm, and the cylinder rotational
speed was 30 r/min with good seedling performance when the negative pressure was about 2 500 Pa.
When the quality index was 90.10% , the loss index was 1.56 %.When the cylinder rotational speed was
between 15 r/min and 50 r/min.the variation coefficient of the consistency of each line displacement, sta-
bility of the total displacement and rapeseed damage rate were less than 5.5%,2.0% and 0.2% , respec-
tively. The results of the field experiments showed that the pneumatic cylinder-type centralized precision
metering device for rapeseed oil satisfied the technical requirements of rapeseed planter with which the
knurled cylinder was the key part.It will provide a reference for optimizing the structure of centralized
precision metering device and improving seedling performance.

Keywords pneumatic cylinder-type centralized precision metering device; the knurled cylinder;

EDEM simulation; seed filling performance; the seed filling angle; rape
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