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Design and Experiment of Pneumatic Cylinder Array Precision
Seed-metering Device for Cotton

NI Xiangdong XU Guojie WANG Qi PENG Xiaorui WANG Jian HU Bin
(College of Mechanical and Electrical Engineering, Shihezi University, Shihezi 832003, China)

Abstract; Xinjiang is the largest production base of quality cotton and commodity cotton in China.
Sowing is one of the most important links which affects the development of cotton industry. In order to
improve the precision and efficiency of seed-metering device for cotton, a pneumatic cylinder array
precision metering device for cotton was designed, which combined the features of array suction and
pneumatic clearing with side direction. The working principle and component of precision seeder were
introduced, the key structure parameters were determined, and the mechanical model of single cotton
seed during the air-suction filling process was established. In test, cotton seed Xinluzao 48 was selected
as experimental material. Based on pre-experiments, the cylinder speed, hole diameter and vacuum
pressure were taken as main impact factors, the quality of feed index, miss index and multiple index were
taken as response indices, and the second orthogonal rotation combination test was executed, which used
the Design-Expert software. The regression models were established, and effects of various factors on the
performance indices were analyzed. The research gained the best combination of the parameters by using
multi-objective optimization, which was as follows; the cylinder speed was 15.5 r/min, the hole diameter
was 3.5 mm, and vacuum pressure was 4.2 kPa. Under the condition of the optimal combination
parameters, the quality of feed index, miss index and multiple index were 93.5% , 2. 0% and 4.5% ,
respectively. According to optimization parameter combination, the verification test was repeated five
times, the results showed that the experimental results were basically consistent with the optimization
results, and the sowing quality satisfied the requirements of precision sowing for cotton. The sowing
adaptability experiment was carried out under the same conditions with three cotton seeds ( Xinluzao 48,

Xinluzao 52 and Xinluzao 60) , whose overall dimension existed some differences from each other. All the
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qualities of feed index were more than 92% , all the miss indices were less than 3% , and all the multiple

indices were less than 5% , indicating that when planting different cotton seeds, the precision seeder had

certain adaptability to different varieties of cotton seeds. The study provided a theoretical reference for the

design of pneumatic cylinder precision seed-metering device for cotton.

Key words: cotton; seed-metering device; pneumatic cylinder; array
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Tab.2 Physical characteristics of cotton seed
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FIKRF (1) 18 3.8 4.5
R B (1.682) 19.36 4.0 4.84

x4 “RRBEXHAEGHRBEATARSER
Tab.4 Test scheme and result of experiment of

quadratic rotation-orthogonal combination

Al ES i 3 £ B
5 TR SN A EE Gigi
i

FE LS HAiz v ek EiERe EiR i
X, X, : % /% M/%

1 ~1 ~1 -1 8.8 6.8 6.4
2 1 -1 -1 82.2 9.0 6.8
3 -1 1 -1 882 4.0 7.8
4 i 1 -1 845 838 6.7
5 -1 -1 i 8.2 2.6 8.2
6 i -1 1 85.5 7.2 7.3
7 -1 1 1 89.0 1.5 9.5
8 1 1 1 86.7 4.7 8.6
9 _1.682 0 0 8.0 3.0  11.0
10 1.682 0 0 8.8 1.1 41
11 0 1682 0 84.8 7.5 5.7
12 0 1.682 0 90.0 2.0 8.0
13 0 0  -1.682 8.1 123 4.6
14 0 0 1.682  90.8 1.4 7.8
15 0 0 0 94.3 3.2 2.5
16 0 0 0 93.4 2.7 3.9
17 0 0 0 92.2 2.5 5.3
18 0 0 0 91.9 3.2 5.9
19 0 0 0 9.8 3.1 4.1
20 0 0 0 9.6 3.8 3.6

4.3 HBWERSTH
4.3.1 [AHBAD Y B TR

18 B0 s AL FRAR F Design-Expert 8. 0. 6 X} i 16
BAE gt AT Zou il 3G, H 7 A A% 8 B e 1R R
FIRHE B G IR A L i WAL AR R Z R IR %
ey e N EE by S

(0 =92.85-1.44X, +0.98X, +1.59X, +
0.29X,X, +0.29X, X, —0. 34X, X, -
2.85X7 - 1.79X; —1.95X (34)
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C=2.94+2.08X, —1. 16X, —2. 26X, +
0.15X,X, +0. 10X, X, =0. 075X, X, +

1.28X7 +0.47X; + 1. 21X, (35)
M =4.36 -1.03X, +0.57X, +0. 83X, -
0.19X,X, 0. 14X, X, +0. 16X, X, +
1.26X; +1.01X; +0. 78X, (36)

X A 255 SR B [ U9 5 R AT O 22 A0 T, 45 R L
5, HEFhER G A% 15 B0 w75 48 EOR 8% 48 £l [ml
VRS TR 400 45 8 4 R A B B (P < 0.01) , HL [l 9 )7
RPN E, 5L AR X T &85
Bl 9 7 WA T X, X, XX /XX PR T
0. 05, 520 A f 2, & 45 T 1) 5% i 34 I 2 el i
o ORI P =0.122 9, BB R 77 75 B 5 0 0
ER AT N Ol R K e < A CI = s N G = B
XX, XX, X,X,® X; i) P{HEKTF 0.05, %0 K &
FLHE AW Y B S B, R
P =0.100 1,3t BIAS£7 78 H 8 52 0 i 0] £ bk 1) 32 22

PZE o X F 54K 5 w3 Jr B E 3 X, XX
X XM X, X0 PAEHR T 0.05, 2 A 8 3, e
25 TV s I 34 B Rk B . R AU P =0.237 5,
LB R FEE LB R N 8 AR 1) R R . BIBRAS
2 BT U T, R B I A [ US 300 AR AR R (] ) A AR
B3 RAUITUR B35 DT HE T, G 4% i 2 T 5 4 L
ISR 03 7 R AT F LA, A 5 R R
0 =92.85 —1.44X, +0.98X, +1.59X, —

2.85X7 - 1.79X; - 1. 95X (37)
C=2.94+2.08X, —1.16X, -2.26X, +
1.28X +1.21X; (38)
M =4.36-1.03X, +0.57X, +0. 83X, +
1.26X7 +1.01X; +0. 78X, (39)

W (37) ~ (39) [H R LA K I A5 1, 5
Wi 5 5% 41 RO I 4 915 20 R 2 U R AT %
AL EAR . R TR RS RO R R IR R
R AL E A

x5 HBAERREMEAFABRAESF

Tab.5 Variance analysis of test results and regression equations

R AR R A% 15 4 CIRIEIg3
) SEOrA A F r PR Al E F r FOrA A dE F r

sl 263. 09 9 19. 01 <0.0001™  189.69 9 9.81 0.000 7 ** 67.87 9 4.20 0.0176"
X, 28.36 18. 44 0.001 6™ 59.15 1 27.52  0.0004 " 14.57 1 8. 11 0.0173"
X, 13.24 1 8.61 0.0149" 18.40 1 8.56 0.0152° 4.42 1 2.46 0. 1478
X, 34.32 1 22.32 0. 0008 ™" 70. 06 1 32.60 0.0002" 9.32 1 5.19  0.0459"
X, X, 0. 66 1 0.43 0.5268 0.18 1 0.084 0.778 2 0.28 1 0.16 0.700 6
X, X, 0. 66 1 0.43 0.5268 0. 080 1 0.037 0.8509 0.15 1 0.084 0.777 6
X, X, 0.91 1 0.59 0.4592 0. 045 1 0. 021 0.8878 0.21 1 0.12 0.738 7
X3 117.33 1 76.92  <0.0001 " 23.75 1 11.05 0.007 7" 22.72 1 12.65 0.0052 "
X3 46.31 1 30. 12 0.0003 ™ 3.19 1 1.48 0.2510 14. 65 1 8.16 0.0171"
X3 54.90 1 35.70 0.000 1" 21.20 1 9.87  0.0105" 8.73 1 4. 86 0.0420
52 15.38 10 21.49 10 17.96 10

i) 11.59 5 3.05 0.1229 16. 66 5 3.45 0.100 1 11.91 5 1.97 0.2375
2= 3.79 5 4.83 5 6.05 5

Jagill 278.47 19 211.18 19 85.83 19

T RARLH (P <0.05), =+ FRMEHF(P<0.01),

4.3.2 50 R R 5 W RO S B

PEA HEFD 1 B 1) 1 BB 48 A5, A% 48 B0 T R
B RO 52 RS 25 R A BOR N 2 A G R bR . AR
It 57 ) HEFD 28 A A% 8 BORN T 5 5 £k ] 9 A A K
Horp— AN 2R & 2K, 2w 1z il 1 A S
fHZ A, W 10 11 iR,

WK 10a 11a iR, = fE X AL T oK
V- (4.0 kPa) B, Fifi 5 V& a7 % 3 F0WE AL B AR 19 15 K,
HERN 25 G 46 18 B 8 K5 W . Bl 35 VR 1 e i 1
R Um 3G HE B A, B WAL B AR A 3G K, HEFh 25 U
8 B/ o TR A S BN (/T 16 1/min ) TR
] i TR G A% 18 BOR e 16 48 B 2 B/ o TR B e
B KBS (KT 16 v/min ) |, 7 8 5% 3 % 5 4% 48 20
T 45 18 B 52 4K

Wik 10b 11b FroR, S0 fLE AR X, 00 T Al K
(3.5 mm) I, Fifi 4 98 f7 5% 1 A0 60 s 9 35 O, HE Rl
Tor A A BT R E /N T R BRI .
FEB /N (/T 4.0 kPa) | 6 X 45 4% 45 Z0R0 T 76
B MR . AURERI (KT 4.0 kPa) , 11
e x5 6 i R s 5 8 B R W D

WnfE 10c Mle fron , IR R ek X, A7 F ook
- (16 v/min) i, B2 0705 F0 AL B AR B 3 K, HERl
LENER TRV v PNER AN K E R €S 22 N
FRB/NIE (/T 4.0 kPa) | B 368 45 4% 45 25080 T 76
R R . URB RIS (KT 4.0 kPa) , 12
Je X 6 % i M T 4 415 B R i 5/

4.4 SHMUL
IR A8 0 14 ~ 18 v/min, TE Ky 3.50 ~
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Fig. 10  Effects of all factors on qualified rate of seed-metering device
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4.50 kPa, W fLEHEE N 3.20 ~3.80 mm I, R L &
W 18 7 325 PR B b BRI X 52 W TR R R R A
M L B A AN 07 FEAT AL L DA-G A% 45 Bl T 76 8 B0F0
FAG R RO PR RE 18 b R B, EAT DU AR A, H AR bR
S L)
max()
C<3%
M <6%
12. 64 r/min<x, <19. 36 r/min (40)
s.l. {3 mm<x, <4 mm

3.16 kPa<x,<4. 84 kPa

iz Ji] Design-Expert 8. 0. 6 ¥dji 4k B 347
PSR A, 15 R ma R B B S U IR AT 8
15.5 /min, S, 5K 4.2 kPa, W fL H & N
3.5 mm, H A e& B R T e SR 4R B
93.48% ,IwAGIE KN 1.47% , ER/EIREC N 5.85%
4.5 AIWWIE

MRS R, AT IR e, 75 iR Rl 25
HE B &0 T 2547 5 Wl R 5L, 15 45 2R
HE AR R 93.5% , H KT 92.0% , i
ISR 2. 0% , H /N TF 3% , Bk 45 501
WMEN4.5% , H¥/NTF 5% . n] 0L XK 45 R 51
POZE SRIEA — 20, i AR AE R AR Z 2K o
4.6 HFEEERE

TE e HE 1E A2 41 A a8 1 Al b, O B 5T AR
Toft 850 0T AN [i] it Ao S 6 b B0 3 5 D0, R AT HE R

Effects of all factors on miss-seeding rate of seed-metering device

BRI o e HORTRE 48 5 GRTRER 52 5 Okl
60 5y Floxt G, LT REPE RO AR PR L3R 1.2
TER I3y 15.5 v/min (FUE Ty 4.2 kPa IR fL H
#8093, 5 mm [ TARZAF T #E4T S I Rl , 47
Kot Ak BRI MR IR g 45 R AN 6 F .

xo6 HMENEAEER

Tab.6 Result of suitability tests %
i A R i A 45 K AR
Hrkh R 48 5 94.2 2.1 3.7
HrkE R 52 5 92.5 2.8 4.7
Bkl F 60 = 93.6 1.5 4.9

12 6 Al FEAH R 25 AR T, UM I ] 57 XA
AR 1 e of L AT A5 4 R 0 8 AR A7 AR 22 S Y
3 PR AERR T HA — N, 4 R R B IR AL
PIRT 92% ik 46 /N T 3%  Eik 45 B9 /N T
5% i A A AE T B R R OR o O B R
52 SIUMRGF Z 5B T sh Pk ne 22 , R st HER P fE 4
Pide 22 ;s ki - 48 5 FUBT i 60 51+, JLAT RS 22
SR BRI IEROR T AERCET SRR
5 g

(1) AR A 26 R AR 25 2SR ANAR AR 7 7 19 9kt
R, SR FH 4 50 W8 L 0 Aot 0 1) W i 25 5 i
T T — PR R BT B 5 ORGSR &R, Bl E T HERR
T R R S8 0 e R AT T 10 A
B 15 R HE o a5 1 b2 BE A DG B DR R O IR T e
AL AR
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(2) 3R FH Wi % 1E 28 44 BT R I8 O 3k AT
IR B , HE T HEFD A 1 AR 48 AR 5 25 5 e DR 3R 2 ) [
VARSI, 3 2ok ) 07 T 4 A 3K 6 R 2R X ) 1 4 R 1 52
Mo R Z HARE AL 7 %, o HEFh 2% J fE TAE S
WAL G TR 15,5 v/min, K E R JE 4.2 kPa, 1

fLEAEN 3.5 mm, JUiE, HERp a5 L RESE A5 0 - G4 4R
$93.5% k462 2. 0% , HARAEE 4. 5% .

(3) HERR & B 1 1 56 45 SR 2 W« HE Bl 2 %5 A [7]
sty A AE S LA R B0 O T AR AE A T
O Rl A 225K
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