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1. 269w 3% Left cover; 2.HEF % Seed metering wheel; 3.1 W I iy
8 Duckbill device; 4.5l178 Bearing; 5.1FE 1 S JES E A Positive
and negative pressure chamber; 6.5 E & & Filling seed chamber;
7.5 Fh 4 Seed tube; 8.745 ¥ i Right cover; 9. F M Al Seed guide

groove.
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Fig.1
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The exploded view of rapeseed positive and

negative pressure combined dibbler
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1.JPS-12 HEFh 25 14 GE K5 I 3K 56 /5 JPS-12 experimental platform of
metering device; 2. XML Fan; 3.91 JE45 i Negative pressure pipe; 4.4
hHL L Driving motor; 5.1F J& & i
Dibbler; 7.7 K47 Seed belt; 8.U il it U type pressure gauge.
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Fig.2 Schematic diagram of seed metering system for dibbler
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Fig.3 Structure diagram of seed metering wheel
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Fig.4 Work area division diagram of rapeseed

positive and negative pressure combined dibbler
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Fig.5 Mechanics analysis of seed sucking process
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Fig.6 Mechanics analysis of seed carrying process
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Fig.7 Mechanics analysis of seed unloading process
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ALB,C. B L # 1 JE 71 = ¥l Pressure nephogram of hole section; D.E.F: %L W 3% # 1fif ' /7 = €] Pressure nephogram of seed sucking

hole section; A,D:d=1.0 mm; B,E:d=1.1 mm; C,F.d=1.2 mm.
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Fig.8 Flow pressure field of different diameter of hole
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—1.886e+003 —1.277e+003 —1.222e+003
—1.899e+003 —1.422e+003 —1.378e+003
—1.912e+003 -1.567e+003 —1.533e+003
~1.924e+003 ~1.712e+003 ~1.688¢+003
—1.937¢+003 ~1.858¢+003 —1.844e+003
-1.949e+003 —2.003e+003 —2.999¢+003
—1.962e+003 —2.148e+003 —2.154e+003
e -2.203¢+003 ~2.3000+003
—2.000e+003 —2.438e+003 —2.465e+003
—2 583e+003 —2.650e+003
Pa Pa
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ALB,C: B FL# I [ S Pressure nephogram of hole section; D, E, F; % £L W # ¥ #% 1 /& 77 ] Pressure nephogram of seed sucking hole
section; A,D: F fL Straight hole; B,E:#fL Taper hole; C,F:¥ifL Sink hole.
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Fig.9 Flow pressure field of the three nozzle shape

B
: Velocit
Velocity Vector %’
Vector 1
e 5806001, 5.600e+001
4.480e+001
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m/s
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m/s
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Vector 1 Vector 1
1.385e+001 1.365e+001
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3.180e+000 3.35504000
1.656e+000
1.884e+000
1.320e+001
m/s n 4.140e+001
D
C

ALB R B A B K K Velocity vector diagram of inner section of air chamber; C. D %I £ W F i #5 18 2% & 5] Pressure nepho-
gram of seed sucking hole section; A,C: 8 fLfLE A 10 The number of type-hole is 10; B.D: B fLfL%¥t} 12 The number of type-hole is 12.
E 10 AEEERABEEGHSHE
Fig.10 Flow velocity field of different number of type-hole
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Fig.11 Negative pressure,height of seed,rotation speed of seed metering wheel
spindle and positive pressure on seeding performance
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Table 1 Coding factors level
7K HEFh 4 3 5l % %/ (r/min) Z, i /Pa Z, EE/Pa Z,
Level Rotation speed of seed metering wheel spindle Negative pressure Positive pressure
1.682 20.00 —2 000.00 1 500.00
1 16.96 —1 756.72 1317.54
0 12.50 —1 400.00 1 050.00
—1 8.04 —1 043.28 782.46
—1.682 5.00 —800.00 600.00
FK2 ZARENPREXEFAGRUARRER
Table 2 Scheme and result of quadratic rotation-orthogonal combination test
A 2 /K F Factors i W (. Indexes
ETRE HeAN 5 E Rl 8/ (r/min) Z| WK /Pa Z, I JE/Pa 7, TORLELG M/ % Y, WRE/ WY,
No. Rotation speed of seed . o ' The right rate of The rate of
. . Negative pressure Positive pressure . )
metering wheel spindle seeds per hill no seed hill
1 —1 —1 —1 79.26 16.46
2 1 —1 —1 75.58 9.19
3 —1 1 —1 88.32 4.97
4 1 1 —1 78.41 5.32
5 —1 —1 1 79.33 16.84
6 1 —1 1 78.12 13.76
7 —1 1 1 83.56 7.76
8 1 1 1 77.36 3.13
9 —1.682 0 0 76.45 12.43
10 1.682 0 0 69.69 4.80
11 0 —1.682 0 72.94 19.17
12 0 1.682 0 84.38 3.79
13 0 0 —1.682 79.95 8.27
14 0 0 1.682 80.57 14.73
15 0 0 0 85.67 11.28
16 0 0 0 83.51 9.76
17 0 0 0 81.15 8.98
18 0 0 79.46 10.47
19 0 0 0 83.88 6.98
20 0 0 0 82.92 7.76
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Table 3 Variance analysis of regression equation
R FURLE A #5 % The right rate of seeds per hill 75 70# The rate of no seed hill
Variation T f 1 - b I f e - -
source Sum of squares  Degree freedom Sum of squares  Degree freedom
A Model 311.13 9 5.55 0.006 5 367.58 9 12.63 0.000 2
Z, 76.72 1 12.33 0.005 6 55.22 1 17.07 0.002 0
z, 87.66 1 14.09 0.003 8 271.89 1 84.07 <20.000 1
Z, 0.34 1 0.055 0.819 7 19.73 1 6.10 0.033 1
AVAS 15.74 1 2.53 0.142 9 4.61 1 1.42 0.260 3
YAVA 4,77 1 0.77 0.401 7 0.078 1 0.024 0.879 7
Z,Z, 8.86 1 1.42 0.260 3 2.37 1 0.73 0.412° 5
Zf 112.68 1 18.11 0.001 7 2.37 1 0.73 0.412 0
Z:j 9.69 1 1.56 0.240 6 5.32 1 1.64 0.228 7
VA 0.93 1 0.15 0.707 0 5.44 1 1.68 0.223 8
5% 7% Residual 62.23 10 1.62 0.305 7 32.34 10 1.43 0.3518
%4 Lack of fit 38.44 5 19.04 5
1%2% Pure error 23.79 5 13.30 5
KA 373.37 19 399.93 19

Total variance

P <<0.01, M 3 ; P<<0.05, 7% .
FI F Design-Expert 8.0.6 &K 4 %F i % £ ¥ 4
(TEZGNEE VSIS = RVAAE TR G I GIN R
Y, 5HR R ER A E 2 R Z, VIEJR Z, Z 1)

Note: P<C0.01, highly significant; P<(0.05,significant.

B4 [0 U5 J7 B L I 00 3K 06 45 R OR [l )9 05 B R AT O 22
ST 3) W R FE BR Y LY, [ 0E AR A Oy B Ol A
H(14),

Y, =82.67—2.37Z, +2.53Z,—0.16Z, —1.40Z,Z,+0.77Z, Z,—1.05Z,Z,—2.80Z,> —0.827,> —0.25Z,"

14

Y,=9.24—2.01Z, —4.46Z,+1.20Z,+0.76 Z, Z,—0.099Z  Z,—0.54Z,Z, —0.41Z,> +0.61Z,> +0.61Z,”

H12 2 A, & R X SORB A R Y 450X
Y, 5 1 ] U5 A5 AR B I 3 (P <Z0.01) , Wi [ 35 A5
JAUT P KT 0,05, 3 B [ U5 5 B 7 8 45 X ] 99 %4
PRI P G L E O R AR R 3 7R 0 3 ] N A
W5 S bR Al LA B . 3 T AR, [ E R B
Z,\Z, 2 S ORI W R ) B 3 (P <0.01)
S 7 ORLECA B R0 B3R U O - B HER A
R OE R s [T REL Z, 2, RS SR A
FE(P<<0.0D), I IH R E Z, X 25 /52 i 2
(P <C0.05) , B M 23 7R 1 B 2 32 LT k67 7 L HE
i Bl o L TE R
23 SHRULERIEKR
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Fig.12 Effects of interactive factors on qualified rate of the holes number (A,B,C) and hole rate(D,E,F)
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Design and experiment of positive and negative pressure
combined dibbler for rapeseed

MO Dinghong' , SHU Caixia? , LIAO Yitao'?,LIAO Qingxi"? ,GAO Liping'

1.College of Engineering s Huazhong Agricultural University sWuhan 430070,China ;
2.Key Laboratory of Agricultural Equipment in Mid-Lower Yangtze River ,
Ministry of Agriculture and Rural Affairs sWuhan 430070,China

Abstract In order to solve the problem of the lack of accurate and controllable seed metering de-
vice for mechanical film mulching and hole sowing of rapeseed in actual production,a combined device of
positive and negative pressure for rapeseed was designed, which adopted negative pressure seed sucking,
positive pressure seed unloading,duck mouth hole forming and secondary seed feeding,so as to meet the
requirements of 1-3 seeds for mechanical film mulching and hole sowing of rapeseed. By establishing the
mechanical model of seed sucking, seed carrying and unloading process and combining with FLUENT
simulation analysis,the structure and parameters of the combined positive and negative pressure seeding
device for rapeseed were determined. The negative pressure, the height of seed layer, rotation speed of
seed metering wheel spindle and positive pressure were selected to carry out the single factor test of seed
metering performance with the right rate of seeds per hill and rate of no seed hill as the test index,and
the optimization and verification of working parameters were carried out according to the quadratic or-
thogonal rotation center combination test of response surface method. The results showed that:the pri-
mary and secondary factors affecting the right rate of seeds per hill were negative pressure, rotation
speed of seed metering wheel spindle and positive pressure. The optimal working parameters of seed me-
tering performance was rotation speed of seed metering wheel spindle at 7.5 r/min,negative pressure at
—2 000 Pa and positive pressure at 850 Pa.The results of bench verification test showed that the right
rate of seeds per hill (1-3) was 88.15% ,and the rate of no seed hill was 4.43% ,which met the require-
ments of rapeseed production requirements of mechanical film laying and hole sowing. This study pro-
vides a reference for the improvement of rapeseed seed metering device structure.

Keywords rapeseed seed metering; dibbler; combination of positive and negative pressure; preci-

sion sowing on film; flow field simulation; film mulching and hole sowing; second seeding

(FAEHRH . HXLF)





