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The performance test and optimization design of the air absorption
film mulching precision rapeseed seeder
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Abstract: Due to high failure rate of rapeseed seeding, high labor intensity, water shortage during growth pe-
riod, and needed reseeding in the cold and high elevation region, we tried to explore how to improve the rapeseed
planting successful level. We designed a pneumatic precision seeder that could accomplish film seeding, fertiliza-
tion, re-mulching, and drip irrigation in one-time. Based on the working principle of the main structure, seeder,
and the structure design of the key parts, the disc rotational speed, suction pressure, chamber diameter of exhaust
hole plate were evaluated as experiment factors. Then, a set of optimal parameters were selected by doing software

" of the seeding ratational

optimization analysis. The results showed that a combination of parameters, 197 r + min~
speed, 2.5 kPa of negative pressure suction chamber, and 1.2 mm of diameter of a row of seed holes resulted in
significant improvement in a successful seeding rate of 93% , 3% of reseeding rate, and only 1% of missing seeding
rate. The field experiment showed that this combination of parameters reduced labor requirement to achieve high
rapeseed seeder performance. This research provided theoretical and technical foundations for the research and de-
sign of precision seeder for rapeseed.
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Fig.1 The structure sketch of air-suction precision

seeder mechanism
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Table 1 Technical parameters of air-suction precision

rapeseed seeding machine

Z%{ Parameter B{H Numerical value

BED) )T Auxiliary power/kW <35
SMER S Size/ ( mmxmmxmm) 2500%2200% 1200
BHLFE Weight/kg 2500
TEMVAT%L Number of rows 4
HEFATHE Sowing spacing/mm 200,400
YEAVIEFE Operation width/mm 1200
FEFIEIYE Sowing depth/mm 20-40
T A3 Speed/ (km + h™") 1.9~2.7
M AEAT%L Number of fertilizing lines 4
AR B T AEIE ST Suction device pressure/kPa 2.5
MEAETRJE Depth of fertilization/mm 60-80
MSERREE Space between plant/mm 100
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Fig.2 Schematic diagram of pressure on seeds
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Table 2 Factors and levels of experiment

e B HERR AL P
ij,iv:‘e:l Rotation speed ~ Negative pressure Hole diameter
’ X,/(r - min™") X,/MPa X;/mm
1.682 242.41 3.17 1.87
1 224 2.9 1.6
0 197 2.5 1.2
-1 170 2.1 0.8
-1.682 151.59 1.83 0.53

(a)HF b &%

Seeder unit

(b) M [5 £

The suction disc

(a7 k=4

Graphic model of rear cabinet

LG 2. SRR aR R 583, AL 4. SRR ATSS IR 5. A A
1.the duck mouth;2. rear cabinet of dibble;3. air inlet;4. fan blades of dibble;5. feed inlet
4 HEFhREMRER

Fig.4 Schematic diagram of seed distribution device
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Table 3  Experiment design and response values

ZIKF Level

Wi W AE Response value

jE3s s
Test serial HeRh e X T X, HRRAELER X, AEY,/% IR Y,/ % EHFER Y,/ %
number Rotation speed Negative pressure Hole diameter Qualified rate Failure rate Reseed rate
1 -1 -1 -1 85.6 6.3 8.1
2 1 -1 -1 86.1 5.4 8.5
3 -1 1 -1 82.3 11.3 6.4
4 1 1 -1 80.9 14.2 4.9
5 -1 -1 1 84.3 9.7 6.0
6 1 -1 1 82.5 11.3 6.2
7 -1 1 1 83.7 8.2 8.1
8 1 1 1 81.3 12.4 6.3
9 -1.682 0 0 88.7 3.6 7.7
10 1.682 0 0 85.6 6.7 7.7
11 0 -1.682 0 92.3 2.8 4.9
12 0 1.682 0 86.7 7.8 5.5
13 0 0 -1.682 78.8 15.3 5.9
14 0 0 1.682 74.8 18.0 7.2
15 0 0 0 96.3 1.9 1.8
16 0 0 0 96.8 2.1 1.1
17 0 0 0 97.2 1.7 1.7
18 0 0 0 96.3 1.9 1.8
19 0 0 0 95.8 2.3 1.9
20 0 0 0 95.0 2.6 2.4
21 0 0 0 98.0 1.3 0.7
22 0 0 0 97.4 1.5 1.1
23 0 0 0 96.9 2.4 0.7

BHER(Y) IR R (Y,) MERHR(Y,) MEH
JTHE,

BREER(Y)) INNFBRY ) 3 57 5 583 1 A 16 38
b LA SO i B 4T 2 o MG, 3R A5 &
R IR R B (YY) IWER(Y,) (EHE
(Y, B R A 53 51

Y, =96.64-0.76X,-1.44X,-0.72X,-0.31X, X,

—0.41X,X,+0.84X,X,-3.44X7-2.61X3-7.10X;
(7)
Y,=1.96+0.95X,+1.60X,+0.65X,+0.80X, X,
-0.48X,X,—1.78X,X,+1.21X]+1.26X3+5.27X?
(8)
Y,=1.47-0.2X,-0.15X,+0.065X,-0.49X X,
-0.063X,X,+0.94X,X,+2.21X; +1.33X+1.8X:
(9)

Hi 2% 4 0], [ EARAL ) P<0.001 , & B [l )5 45
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Table 4 Variance analysis of regression equation

R LR Qualification rate IF#&Z Failure rate FHER Reseed rate
2z Ji
Source of I By PR b R K bapin
variation Sum of DOF  Mean F P Sum of DOF  Mean F 4 Sum of DOF  Mean F P
squares square squares square squares square
I
EH, 1135.9 9 126.2 162.9 <0.0001 571.98 9 63.55 3359 <0.0001 164.91 9 18.32  45.63 <0.0001
Regression
X, 7.79 1 7.79  10.05 0.0074 12.4 1 12.4  65.53 <0.0001 0.53 1 0.53 1.33  0.2697
Xy 28.47 1 28.47 36.74 <0.0001 34.83 1 34.83 184.1 <0.0001 0.32 1 0.32 0.8 0.3882
X3 7.07 1 7.07 9.12  0.0098 5.85 1 5.85  30.93 <0.0001 0.058 1 0.058 0.14 0.7112
X%, 0.78 1 0.78 1.01  0.3337 5.12 1 5.12  27.06 0.0002 1.9 1 1.9 4.73  0.0486
X, 23 1.36 1 1.36 1.76  0.2079 1.8 1 1.8 9.54 0.0086 0.031 1 0.031 0.078 0.7847
X3 5.61 1 5.61 7.24 0.0185 25.21 1 25.21 133.2 <0.0001 7.03 1 7.03 17.51 0.0011
%)y 187.77 1 187.8  242.3 <0.0001 23.11 1 23.11 122.1 <0.0001 77.53 1 77.53  193.1 <0.0001
X 107.97 1 108 139.3 <0.0001 25.18 1 25.18 133.1 <0.0001 27.9 1 27.9  69.47 <0.0001
X3y 800.29 1 800.3 1033 <0.0001  441.59 1 441.6 2334 <0.0001 51.62 1 51.62  128.5 <0.0001
ﬁfi 10.07 13 0.77 2.46 13 0.19 5.22 13 0.4
Residual
PR
. 3.61 5 0.72 0.9 0.5272 1 5 0.2 1.1 0.4315 2.44 5 0.49 1.4 0.3182
Lack of fit
=1
v 6.46 8 0.81 1.46 8 0.18 2.78 8 0.35
Error
syl
. 1145.97 22 574.44 22 170.13 22
Sum
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Fig.5 The effects of interaction on the qualification rate
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Fig.8 Field experiment of air-suction precision rapeseed seeder
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Table 5 Comparison of design and field test 5 e
R RIPER 2R SR SR B DL i 17 7 1 TR %
Testing subject roquirement. " AN R FR RBEE R DL, X T 2 A
VAL 5 Operation width/mm 1200 1200 PP RE AHEM 355 3 R T  HEFR S8R FL B
FRE Space between plants/mm 100 100 /éﬂ\:, 3 /I\iiﬂﬁ % uA*%% Eﬁ%% iﬁ*ﬁ%ﬂ‘j 3
iz LN ka1
Number of sowing/fertilizing 4 4 /\ﬂr]}_‘_‘ {E: ﬁ} EIJ # ]'K y/\ }F i af D651gn Expert
WFITRIE Sowing depth/mm 20~30 25 8.0.5X B HE EA T AL B, 23 BT 1 = H 2R ) S ELAE F N
FE A Sowing amount/ (kg + hm™2) 1.5~3.0 2.55 HERP A% RIS S5 LT 4596 .
WEAEHE Amount of fertilizer/ (kg + hm™)  300~525 340 _ N C O e
A% Qualification rate/ % 93 96 l)j%ﬁ*ﬂj;"iﬁ: ﬂ:%l% 197 v * min N mﬂﬁ%ﬁz\l
HIEHE L Reseed index/% <7 3 }j_i 2.5 kPa \ﬁFﬁﬁﬂ%Lﬁﬁé 1.2 mm Hﬁ,%ﬁﬁé*ﬁ%
URHESE AL Failure index/% <5 1 N 93% FEREREN <T% , WIEFEN<5%.
fEML )% Speed/ (km « h™') 1.9~2.7 2.16 0 HH 4% Fif A k& 522 >
722 Productivity/ (hm? « h™') 0.3~0.4 0.35 2) H A g 55 R R W), #2430 96% H

A 3% , k3 1% SR EH
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