202147 A &k LAk 2= i %52 % T W

doi;10.6041/j. issn. 1000-1298.2021.07. 003
SHEAERBEHMFINMEHREERITSRE

ZEX B W OREXT &£ EF” REMKT W E'

(1 E AR R TR, LAt 100083 5 2. RV AR A8 L HE-HLas— W) R LR R 5280 =, bat 100083)

WE: R e S R KRS i HEFh 28 1 Fh e B3 AS & BRI 35 U 1 Lk, 5 BCHERD PE BB T I Y 1) A, 45 R
XU 55 b 26 ¥ IR A T 8 AR VE L 0 D7 i, IR T T OBUI T R e L IR e S P R AR AT AT, B R T A T Y R
A, B B T 55 A R S Sh LB S ST T Rl R AR R AR T L T IV R LA G S BN BT ik . BEEES
1 s AR R 242 30 2 s AR R R 2 A2 T TAERE 3 o B R R AT T 2 W K5, g o5 B b 47 0 3%
PR S T R 2 S HE AR I [1E 7 B2 LA 3 SR TS R N R AR AR R AL TS MR N MRS AL A
R 1 T RO TS 4% 80. 70 mm (B 2 4 iE AP IR ZR T &6 2 42 81. 42 mm, IR AE AR S A A F 47 T K iiF ik
5. RN AEREEFRESBAET, 2 TAEFEHE A 26. 67 ~37.33 r/min B, HE R AKF 1.10% , i3 7F
HBPARKTF 1.03% , S e RIEAR -8, X il 53R, TAERE 38 26. 67 v/min B, 2R FSUM 7 A 255 & I
T RPEAR 6. 70 S EH 4 p, i W REEACRA  HEFh S8 G A% RIS 7. 04 AN 43 A TAERE 9k 32.00 o/ min B, SR FBUN
TH 2 BN T R BEAIL 4. 63 N E o, i VE R IEARAE  HEF AR AR A 5. 07 AN 4 TAER#E 37,33 1/min
FF, SR FH UM 375 b 2 8 U 1 S AR 7. 41 AN 20 0 T R AR 0. 24 ANE 2 HEFR 2R A6 R & 7. 26 S H A
SR FH S 375 o 4 8 BRI T U i R, 7R R R L T 6 A v R A T e
KR EK; KERHA KMCHEFN & 5 XU I Fh 3 i
RESES: 2232 TEARIRM: A CEHS. 1000-1298(2021)07-0029-11  OSID . e

Design and Test of Double-side Cleaning Mechanism for
Air-suction Maize Seed-metering Device

LI Yuhuan'? YANG Li'? ZHANG Dongxing'> CUI Tao'? HE Xiantao'> HU Heng'"
(1. College of Engineering, China Agricultural University, Beijing 100083, China
2. Key Laboratory of Soil — Machine — Plant System Technology, Ministry of Agriculture and Rural Affairs, Beijing 100083, China)

Abstract; In order to solve the problem that the unreasonable design of the clearing mechanism of the air-
suction maize seed-metering device, which causes the missing-clearing and over-clearing and reduces the
performance of the air-suction maize seed-metering device. A method of using a double-sided seed
cleaning mechanism for seed cleaning was presented and a double-sided seed cleaning mechanism was
designed. By analyzing the process of seed clearing, the reason of reabsorption was clarified, the
movement mechanism of the process of seed clearing was clarified, and the mathematical model of the
upper side of the process of seed clearing was established. The shape parameters of the upper seed
cleaning mechanism, the interval angle of the upper and lower seed cleaning devices and the lower seed
cleaning intensity were determined. The whole factor test was carried out with the first level clear arc top
radius, the second level clear arc top radius and the working speed as the main factors. In addition,
significant analysis on the test results was performed to determine the regression equation of factors and
indicators. Meanwhile, missing-clearing rate and over-clearing rate were used as test indexes. The results
showed that the better clearing intensity was determined as the first level clear arc top radius was 80. 70 mm,
and the second level clear arc top radius was 81.42 mm. The verification test results showed that under

the combination of better cleaning intensity, when the rotational speed was 26. 67 ~37.33 r/min, the
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missing-clearing rate was less than or equal to 1. 10% , and the over-cleaning rate was less than or equal
to 1. 03% , which were consistent with the theoretical optimization results. The comparison test showed that
the missing-clearing rate improved at all test working speed. When the rotational speed was 26.67 1/min,
compared with single-side seed cleaning mechanism, the missing-clearing rate was reduced by 6.70
percentage points, the over-cleaning rate was basically unchanged, the qualified rate was increased by
7. 04 percentage points. When the rotational speed was 32.00 r/min, compared with single-side seed
cleaning mechanism, the missing-clearing rate was reduced by 4. 63 percentage points, the over-cleaning
rate was basically unchanged, the qualified rate was increased by 5.07 percentage points. When the
rotational speed was 37.33 r/min, compared with single-side seed cleaning mechanism, the missing-
clearing rate was reduced by 7.41 percentage points, the over-cleaning rate was increased by 0.24
percentage points,and the qualified rate was increased by 7. 26 percentage points. The double-sided seed

cleaning mechanism can effectively reduce the missing-clearing rate and improve the over-cleaning rate at
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high speed.
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Fig.1 Pneumatic precision seed-metering device structure
LA 2. 5f5eik 3. F a4 BRIEIE WA ) 5. XU
FhO) 6 TR R 7. HAMEMRE S REKE 9.5
Flk 10, £ 3%

{5 2 A R ONS H R b 2 I R R L S
IR BN 476 1) SC BT A | 25 5 HE A 2 45 4 A0 T4 DR
PRVETE 7 XU T Fh ke B, A IE] 2 R, 32 BAL AR 5 4
FE RIS Tl T 8 20 8 45 e R A 9

11. <l

P2 U0 ol e L 2 A ]

Fig.2 Bilateral multi-position seed clearing device
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3 IR HERD &R W ALECH 25  FERRBE 25 em 540 F
X I A b 8 BE 43551 Ry 10 12 .14 km/h 255 i 18
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82 mm 3 UKL 5 2 G AR TR AR 42 r, 2k 80,
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5 E I A 27 AL AR R KT IE 1R,
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Tab.1 Levels of test factors

%
K
n/(remin ") ry/mm r3/mm
1 26. 67 80 80
2 32.00 81 81
3 37.33 82 82
N 5 SRR AR T R RE o ST R G

FON IR bR . W R %R R AR IE AR SR
g5 A AR R 5, B2 e AR O
3.5 kPa; 75 MR 3l 5K Bl AR PR B 250K, A 7 1K 06 bk B
25 emo HERP A T AR AR SR R R R AL
TG XN T AR AR, o i S Hl b i 5% 105 K™
A T W HHE T 582 W) 5 4 T T 2 9 R R, R D e
FRARGETH R I 25 B U W O, K 20 e L X £L
AT OR B PR T B2 R (AL 2 KL B B E
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M,=n/N, x100% (29)

D,=n,/N, x100% (30)
b MR %

D,— iR, %
U 15 L AL &L
SURRITE{

N, —— i 5 1 R AL B
4.3 KBRERSHH

WIRAE RN 2 Pros , R p B AO8F 2 ME +
brifeze . BEHAIRAE R, 78 3 PSR EE R, 20 5 %k
5 1G0T MU0 o RE RO AR 2 T MU Bl RE R AT
FNE AT AR AN 1L P o B AR [ e A [
BT R FRER R 22 3
®2 2RFREER
Tab.2 Result of three factors test

n,

W/ (remin')  r/mmor/mm R Y, /% GLWEE Y,/ %
80 2.30 £0.10 0.37 £0. 15

80 81 1.47 £0. 15 0.43 0. 15

82 1.30 £0. 10 0.63 £0.15

80 1.70 £0. 10 0.47 £0. 15

26. 67 81 81 1.20 £0. 10 0.37 £0.06
82 1.03 £0. 21 0.67 £0. 15

80 0.97 £0. 15 0.50 +£0.20

82 81 0.83 £0.15 0.60 0. 10

82 0.63 0. 15 1.10 £0. 10

80 1.50 0. 20 0.50 0. 10

80 81 1.43 £0. 15 0.60 0. 10

82 1.03 £0. 21 0.67 £0.06

80 1.03 £0. 15 0.53 +0. 15

32.00 81 81 1.07 £0. 15 0.60 0. 10
82 0.90 £0.10 0.83 £0.06

80 1.10 £0. 26 0.87 0. 15

82 81 1.03 £0.21 0.90 +£0.26

82 0.57 £0. 15 1.07 £0.23

80 2.27 £0. 15 0.97 £0.21

80 81 1.40 £0. 10 1.17 £0. 06

82 1.23 £0. 15 1.20 £0. 10

80 1.47 £0. 15 1.03 £0. 21

37.33 81 81 1.23 £0. 06 0.97 £0.21
82 1.13 £0. 15 1.30 £0. 10

80 1.30 £0. 10 1.17 £0. 15

82 81 1.10 £0. 20 1.37 £0. 21

82 1.03 £0. 15 1.43 £0.15
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Fig. 11

Influences of various factors on missing-clearing

rate and over-clearing rate at different rotational speeds
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TE r, Al ry 9 80 mm I, b 5 R A K 7E B R
82 mm W}, i ¥ R mo Hr, 0 80,81 mm 5 r 0
80 .81 mm Xf i iR AN 25 5 A WK . BEE A
ry BRI 355 Bl I T 5 % AL o B AT, o vl
TN 3 R SR IR Tk BT R 7R SR R AR
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Tab.3 Significance analysis of each factor on

metering performance

%ﬁ YI YZ

n 0.3529 <0.0001*
r <0.000 1 ** <0.000 1 **
r <0.000 1 ** <0.000 1 **
n? 0.0052 " 0. 000 8 **
2 0.4772 0.005 8 **
I 0.4772 0.056 3
nr, 0.080 1 0.6615
nry 0.566 3 0.3301
rry 0.043 6" 0.1989

T+ KR (0.01 <P <0.05), == R M 3 (P <0.01),

M1 3 AT LAt ry ory X U T8 56 B W R 5
Wi, Hor, F o AFAESC AR . TARHEHE n 55 1 9005
PR TR A2 vy 55 2 90T A IRZR THAR 42 ry X
W REAWREE W, H TAERE S 1 95 f
IR TR A2 ry AAFTESC AR, T AR R 8 5 56 2
G PR TS 42 AEAEE BAE

MRIEZ 3 M7 220 A4 2R, 15 2 3 YRR A
LA BE T 7R

Y, =1568.9657 -2.468 2n — 18. 806 9r, —

18.373 3r, +0.018 2nr, +0. 005 7nr, +
0.113 97,7, +0. 008 3n° +0.053 7r; +0. 053 7r;
(31)
Y, =1385.629 6 +0.280 4n —20. 496 3r, —
14.111 0r, +0.002 1nr, +0. 004 7nr, +
0.033 3r,r, +0.005 1n° +0. 111 1r; +0.072 2r;

(32)

P &SR N SR, B B E PR SR p <
0.05, RUIZA R B A Gt 8 L. R84
SRAU A 1 77 B, LU W6 R M8 R /b o S
{4 AF 5% 1] Design-Expert k¢ HE 47 4b 3>, £5 4
A BB AR R B E A ROCR 45 2% AR
WEESHHE N r, =80.70 mm.r, =81.42 mm,
TEZ R E H & T TAEF 3y 29. 31 o/min i 7Rl
ROR o ARG, 75 18 52 B A b o A b 4% e i
M £ 25 Pk AE 26. 67 ~37.33 v/min R 5514 F
XA S B B8 (8 #E A7 12 50 59 HiE , 7 A W) Y 1
FUTELZRIERXE 3 ), 8w ES A G M
I ZE Rk 4 s,

x4 IESHEREMIRE

Tab.4 Theoretical and practical values of working

parameters
n/ ry/ ry/ Wi HR/ % TR/ %
(r'min~")  mm mm S SEPRfE S LBRE

26. 67 80.7 81.42 1.19 0.83 0. 49 0. 47
32.00 80.7 81.42 0.98 0.77 0. 64 0. 60
37.33 80.7 81.42 1.24 1.10 1.08 1.03

&4 050,76 r, 8 80.70 mm,r, Jy 81. 42 mm
MRS EEH AT, BRI A 45 5 RS2 Br ARl 45 2R
BEA — 2, SEBRAE LGS B b, AR B 26. 67 ~
37.33 v/min &M F,WERYWAKRT 1.10% , 3%
RART 1.03% M SOR B o U W] R HTVE b
SR EE B GG v (RO A 2R 2 O AR TR 42 R T
55 1 GUUE Al N TR 2= A2 ) B8 R 5 s, WA RER
e I U SR, s S U T A Y A HE R P E
TR O K A 5T SCRY BRI A — 2
4.5 Fftbim

R 25 B UM i A 7 OGS HE b i v I B 1 B0
ROR R TR] —HE il i 235 8 22 2 XUON 385 b 153000 v
T CHE A IR B 003G b e &) R AT X He e, 1 T
YE#L 3 Sl 26. 77 .32. 00 .37. 33 r/min, 75 #H [5] i 56 5%
F T 3 T K Al A R B 958 HEAT 5, 3 56 I U b
B AL T B AR RS R R SRR L IE R IF S
T R 2, R b Bk R A E0F R B
HERD VL REAG MK 56 0 K I 22 2 R [ 3 A 2
HEFD A5 105 A% 2 T 46 3 EEREA, LSRR A
Xof HERD &5 1R BE AY 3 T RICR | A 2H 3K 0 4G I % A B N
IR 360 4>, E A 3 W gy RANEE S s .

XF i g6 45 R AT A, 78 T AR 3l 26. 67 r/min
R >R FH RSN v i 24 8 T T A< REAIG 6. 70 AT 43 4,
W R EEAR AL HER S SR T 7,04 S E
K AE TAERE 3y 32,00 v/min I, SR F XU 3 A 2k
B R AR 4. 63 S oy i R RN HE
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Tab.5 Results of comparative test
WmR OLAERE/ W dW Ak EE O EE
A (rmin') TN F/% /% K% R/ %
26. 67 0.83  0.47 98.67 0.47  0.87
XU R 32. 00 0.77  0.60 98.57 0.63  0.80
37.33 .10 1.03 97.30 1.33  1.37
26. 67 7.53  0.43  91.63 0.53 7.83
5 0
8 1

HAER 32.00 .40 0.63  93.50 .77 5.73
37.33 .51 1.27  90.04 .43 8.53

Fds G A% R T 5,07 AN 0 i fE T AR5y
37.33 v/min I, SR XU i e 5 O 15 AR AR 7. 41
ANE 0 i T R AR 0. 24 AN 43 4, HERR 8% A 4%
I 726 AT S SR SR 4 0 A E
X R LA Fob 3~ R AT 45 3 b, el T 2 L T R AR
SEVERYRE AL, T T 1 D0 2, EOHR Bl 2% E R R AL
i, LI ik 2 AR By 1 G T 5 B R R T
1ol o R JHI UM 3 o 2 8, % W2 L Ah ol 38 47 1 A0 9
b AR REAR T T v 5, 08D T E R DAY K A 5 TR
ARFYRE/IN T LN b B, X a3 AT — i B,
IR T Tl A RGE T HERP AR RO PERE .

5 Hit

(1) B A0 o K HE ol 25 0 o 2 8 DA A7 7 U
T A T AR B T R B TR) R 8 2 23 B 3
RS IS VAN g PR & RV R L

AR IE SLER AR BTE T OBUINE AR IT X E
Fofr 20 1) G B B B AT B A0, B T B R
FlBLAL OC B 2 B 3 7 i o

(2) AR 1 05 Al 4R TH 1 42 5 2
Folr 28 003 > 428 F0 T AR e i oy H BRI R kAT T 22 A
FIR I e g5 R AT W T N TR
S8 bR 00 15 5 R DU R A v R e o SR
FAF A BT R R B AN S E N, =
80.70 mm .r, =81.42 mm, 7EfESRH A F kT
TREII 25 B R B AE S PR AR A A v, 2 T AR
FET R 26,67 ~37.33 v/min B, § 35 R OR KT
1.10% , 5 iR YR KT 1.03% , 5 3 L1k 45
N

(3) 2R FH [] —HE b 45 245 kg 22 26 U000 355 o 60 2]
BT T R, SR R, TAER R
26. 67 r/min B, >R F AU I b 256 5 e 0 SR R AIG 6. 70
ANE o 8 bV RS SR HE R AR A AR R
7.04 AN E S TAER 3R 32,00 r/min B, 2R FI XL
355 ol 25 5 U v AR PR AIE 4. 63 ST 43 A, o i R AR
AR HEFD AR B RS R AR = 5,07 AN H 4 ARG
R 37.33 v/min I, SR F OB 8 Fh ke IR I R AIK
741 ASE 3R, i W R AR 0. 24 AN 4, HEFR AR
BRSPS 7,26 A 4r o SR U bR B A
ROREAR T TR 05 3, 76 o 1 00 B i R —
(YRR, AT A 230 o HE Rl 25 I A ML ROR |

& % x Wt

(1] Bm, SRR, R0, 55 RN B R A HOR BT S U R [ /0L ] A&k LA % 4% ,2016,47(11) : 38 - 48.
YANG Li, YAN Bingxin,ZHANG Dongxing,et al. Research progress on precision planting technology of maize[ J/OL]. Transactions of
the Chinese Society for Agricultural Machinery,2016,47(11) : 38 —48. http : / www. j-csam. org/jcsam/ ch/reader/ view_abstract. aspx?
flag = 1&file_no =20161106&journal _id = jesam. DOI;10. 6041/]. issn. 1000-1298.2016. 11.006. (in Chinese)

(2] g, s, v, 45, A5 HUAR B B b 25 & X B ROR A & [T RO AL = 41,2012, 43 (B 1)) « 48 - 53.
YANG Li, SHI Song, CUI Tao, et al. Air-suction corn precision metering device with mechanical supporting plate to assist
carrying seed[ J]. Transactions of the Chinese Society for Agricultural Machinery,2012,43 ( Supp. ) : 48 —=53. (in Chinese)

(3] 6™, BEIE, o8 w55, RORIERN S HORBE LU R [ T/OL ] RO AL % 4% ,2018,49(9) 1 - 18.
YUAN Yanwei, BAI Huijuan, FANG Xianfa, et al. Research progress on maize seeding and its measurement and control
technology[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2018, 49(9): 1 - 18. http: // www. j-
csam. org/jesam/ ch/reader/view_abstract. aspx? flag = 1&file_no =20180901 &journal_id = jesam. DOI;10. 6041/j. issn. 1000-
1298.2018.09.001. (in Chinese)

[4] YANG Li, YAN Bingxin, YU Yiming, et al. Global overview of research progress and development of precision maize planters
[J]. International Journal of Agricultural and Biological Engineering, 2016, 9(1): 9 -26.

[5] STJACK D,HESTERMAN D C,GUZZOMI A L. Precision metering of Santalum spicatum ( Australian Sandalwood) seeds[]J].
Biosystems Engineering,2013,115(2) . 171 - 183.

[6] BARUT Z B, ZMERZI A. Effect of different operating parameters on seed holding in the single seed metering unit of a pneumatic
planter[ J]. Turkish Journal of Agriculture & Forestry,2004, 28(6) : 435 —441.

(7] i, W, X0, 45, IRl B 58 Al 2ORs B A8 BT 53R [ J/OL ] RO AL~ 412 ,2019,50(5) :61 - 70.
SHI Song, ZHOU Jilei, LIU Hu, et al. Design and experiment of pneumatic precision seed-metering device with guided
assistant seed-filling[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2019, 50(5): 61 —70. http: /
www. j-csam. org/jesam/ ch/reader/view _abstract. aspx? flag = 1&file _no = 20190507 &journal _id = jesam. DOI. 10. 6041/].
issn. 1000-1298.2019.05.007. (in Chinese)

(8] ZEERIF W, KA, . TRAEY — 8 BT AN 3 2 HEAD 2 Bt 55 [ J/0L ] Rl HLA 2= 4k ,2019,50(7) -
61 -73.
LI Yuhuan, YANG Li, ZHANG Dongxing, et al. Design and experiment of pneumatic precision seed-metering device with single
seed-metering plate for double-row[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2019,50(7) .61 —
73. http: // www. j-csam. org/jcsam/ch/reader/ view_abstract. aspx? flag = 1 &file_no = 20190706 &journal _id = jesam. DOI: 10.
6041/j. issn. 1000-1298.2019.07.006. (in Chinese)



%73 BRI A A B RO o HE R XU B B S 39

(9] Xscie, w4, £, 4. SR ACHERD 2 8 HEF R B 0 T S IR IR [ T]. ARl T2 %4 ,2010,26(9) : 133 - 138.

LIU Wenzhong,ZHAO Manquan, WANG Wenming, et al. Theoretical analysis and experiments of metering performance of the
pheumatic seed metering device[ J . Transactions of the CSAE,2010,26(9) : 133 —138. (in Chinese)

[10] &M%, g, KA, & AR mEEORR i HER s Bt 5 [J]. &l T4, 2019, 35(23): 9 -20.

GAO Xiaojun, XU Yang, ZHANG Dongxing, et al. Design and experiment of air-assisted high speed precision maize seed
metering device[ J]. Transactions of the CSAE, 2019, 35(23): 9 -20. (in Chinese)

(L] T3, 8, XSy o, 8. Al By sE R Al i 6K SO 200 Ok s A d et [ 1] R0l TR 2% 40,2018 ,34(22) : 1 ~ 11
DING Li, YANG Li, LIU Shourong,et al. Design of air suction high speed precision maize seed metering device with assistant
seed filling plate[ J]. Transactions of the CSAE, 2018, 34(22): 1 —11. (in Chinese)

[12]  FAthf, By, )55, 55 26 P95 TR 55 HE R 88 08 Ak 72 i B BOC I O B A0 AT [T ] ol TRE 2% 42,2008 ,24(5)
105 - 109.

YU Jianqun, SHEN Yanfang, NIU Xutang, et al. DEM simulation and analysis of the clearing process in precision metering
device with combination inner-cell[ J]. Transactions of the CSAE 2008 ,24(5) : 105 —=109. (in Chinese)

[13]  ARL, 524, X g, 55 AR R0 R 83 5 b B Bt SRR [ 1] R0k TR 24 ,2015,31(1) = 20 - 27.

QI Bing,ZHANG Dongxing, LIU Quanwei, et al. Design and experiment of cleaning performance in a centralized pneumatic
metering device for maize[ J]. Transactions of the CSAE,2015,31(1) : 20 —27. (in Chinese)

[14] XUz, X057, BSR4 B S0 A S A LIS A6 B8 1 5 [ J/OL . ROl MLB = 4 ,2018 ,49 (34 1)) : 83 -91.
LIU Yungiang,LIU Lijing,ZHAO Zhengbin et al. Design and experiment on plant seedling device for vegetable seedling seeder[ J/
OL]. Transactions of the Chinese Society for Agricultural Machinery,2018,49( Supp. ) : 83 —91. http: // www. j-csam. org/jcsam/ch/
reader/ view_abstract. aspx? file _ no = 2018s012&flag = 1.DOI.10.6041 /j. issn. 1000-1298.2018. SO. 012. (in Chinese)

(15T M, 3E, 2 830, 5. KRS sUHERN 8 5 A B Bt 5k SR [T ] AR B Rk K242 41 ,2019,40(5) 28 - 33.

XING He, ZANG Ying, LUO Xiwen, et al. Design and test of seed cleaning device of pneumatic metering device for rice[ J].
Journal of South China Agricultural University, 2019, 40(5) : 28 —33. (in Chinese)

[16] T, , kAR 2%, 45 AR F R HEFD & 16 LI 2 B0k Bt 58 [ J/70L ] A L 24 ,2019,50(9) :47 - 56.
DING Li,YANG Li,ZHANG Dongxing,et al. Parametric design and test of seed cleaning mechanism of air-suction maize seed-
metering device[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery,2019,50(9) :47 - 56. http: // www. j-
csam. org/jesam/ ch/reader/view_abstract. aspx? flag = 1&file _no = 20190906 &journal _id = jesam. DOI: 10. 6041/j. issn.
1000-1298.2019.09.006. (in Chinese)

[17] & AURE A AL E R 2 R A BT S AT S (D] dEat p E R R 5%, 2015,

SHI Song. Design and experimental research of the tic maize precision seed-metering device with combined holes[ D ]. Beijing:
China Agricultural University,2015. (in Chinese)

(18] s, 3k A, Wi, %5, RURHA AL E KRR i HEfp ds et Silgm [T]. Al T4k ,2014,30(5) ;10 - 18.

SHI Song, ZHANG Dongxing, YANG Li, et al. Design and experiment of pneumatic maize precision seed-metering device with
combined holes[ J]. Transactions of the CSAE, 2014,30(5) :10 —18. (in Chinese)

[19]  ZEIF I, oA 2%, 5. AU 6 K s ORI E b 8% BB A g A0 S5l s (1] 0l LA 4% ,2020,36(9) :26 - 35.
LI Yuhuan, YANG Li, ZHANG Dongxing, et al. Analysis and test of linear seeding process of maize high speed precision
metering device with air suction[ J]. Transactions of the CSAE, 2020, 36(9) :26 —35. (in Chinese)

[20] Alfl, T4, BEW, 5. ST SR 0 30 S0 SR SR 2 SR Bl 4r A [0 ] A b el K2 2% 41,2014,
33(3) . 103 - 108.

YU Jiajia, DING Youchun, LIAO Yitao, et al. High-speed photography analysis of dropping trajectory on pneumatic metering
device for rapeseed[ J]. Journal of Huazhong Agricultural University, 2014, 33(3): 103 —108. (in Chinese)

[21] W, ko, e, 4. JRAF A AR S B A B L8 50 Hr (], Rl L2244 ,2015,31(12) :23 - 30.

XING He, ZANG Ying, CAO Xiaoman, et al. Experiment and analysis of dropping trajectory on rice pneumatic metering
device[ J]. Transactions of the CSAE, 2015, 31(12) : 23 -=30. (in Chinese)

[22] T 1,8, R4, 5. SR AHERD 8 B A ILA B3t 5B [ 1700 ] P ALK 41 ,2020,51 (1) :37 - 46.

DING Li, YANG Li, ZHANG Dongxing, et al. Design and test of unloading mechanism of air-suction seed metering device[ J/
OL]. Transactions of the Chinese Society for Agricultural Machinery, 2020, 51 (1): 37 - 46. http: // www. j-csam. org/
jesam/ ch/reader/view_abstract. aspx? flag = 1&file_no = 20200104 &journal _id = jesam. DOI. 10. 6041/j. issn. 1000-1298.
2020.01.004. (in Chinese)

[23] BUULH, BRkde, BEA, & ARHME S NREREHM ST 558 1/0L]. VAU, 2018, 49(4): 75 -

86, 139.
JIA Honglei, CHEN Yulong, ZHAO Jiale, et al. Design and experiment of pneumatic-mechanical combined precision metering
device for soybean[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery,2018,49(4) .75 - 86, 139. http:
// www. j-csam. org/jcsam/ch/reader/view_abstract. aspx? flag = 1&file_no = 20180409 &journal _id = jesam. DOI;10. 6041/
j- issn. 1000-1298.2018.04.009. (in Chinese)

[24] s, X%, (i, %. BT DEM - CFD {1y 8K S48 B seAh M U HERD 8001 53l [J/OL ] ol BLB 2 4, 2020,51

(5): 54 -66.
SHI Song, LIU Hu, WEI Guojian, et al. Optimization and experiment of pneumatic seed metering device with guided assistant
filling based on EDEM — CFD[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2020,51(5) :54 - 66.
http ; // www. j-csam. org/jcsam/ch/reader/view _abstract. aspx? flag = 1&file_no = 20200506 &journal _id = jesam. DOI; 10.
6041/j. issn. 1000-1298.2020. 05. 006. (in Chinese)

[25] HEot. W ikitJrk S Design-Expert BRI [ M. B3 /R : 0 IR I Tl K A% H R4 ,2015.

[26]  FOBTHk, MKse, AR E, 4. ERR f HEFD & HERD B e B S it 58 [ J/OL]. Al HLm 3 4] ,2016,47(10) .

19 -27.
HE Xiantao, HAO Yongliang, ZHAO Dongyue, et al. Design and experiment of testing instrument for maize precision
seedmeter’s performance detection[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2016, 47 (10) .
19 —27. http: // www. j-csam. org/jcsam/ch/reader/view _abstract. aspx? flag = 1&file_no = 20161003 &journal _id = jecsam.
DOI:10.6041/j. issn. 1000-1298.2016. 10. 003. (in Chinese)



