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Design and Experiment of Pneumatic Needle Planetary Gear
Narrow-row Close Planting Precision Seed-metering Device

LIAO Yitao'® ZHANG Baixiang' ZHENG Juan' LIAO Qingxi'” LIU Jiacheng' LI Chengliang'
(1. College of Engineering, Huazhong Agricultural University, Wuhan 430070, China

2. Key Laboratory of Agricultural Equipment in Mid-lower Yangize River,
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Abstract . Considering at the problem that the narrow-row close planting, high sowing uniformity and lack
of suitable sowing technology and equipment for small-size vegetable seeds such as spinach, a pneumatic
needle planetary gear train multi-row parallel low-drop precision metering device suitable for close
planting precision sowing of small-size vegetable seeds such as spinach was designed. The working
principle of seed metering device was expounded, and the seed mechanical models of seed suction and
seed feeding were constructed, and the main structural parameters of seed metering device were
determined. ADAMS software was used to simulate and analyze the static trajectory and dynamic
trajectory of the suction needle of the planetary gear train seeding mechanism, and the low zero-speed
seeding conditions were clarified. The performance test of seed metering device was carried out. The
results of seed-metering test showed that the primary and secondary order of affecting the qualified index
was rotation speed of seeding, suction negative pressure and unloading positive pressure. The best
combination of parameters was seed metering speed of 19.56 r/min, suction negative pressure of
2. 05 kPa, and unloading positive pressure of 1. 00 kPa. Through bench test verification, the performance
indexes were as follows: the average qualified index was 91.48% , the average missing index was
4.28% , and the average replay index was 4. 24% . The results of seeding test showed that when the seed
pressure was 0. 8 ~ 1. 0 kPa, the working speed was 18 ~20 r/min and the seed height was no more than
200 mm, the coefficient of variation of grain spacing was not more than 13.2% , and the working
performance was better. The research result can provide a reference for the design of vegetable narrow row
close planting precision seeder.

Key words: small size vegetable seeds; precision seed-metering device; pneumatic needle; planetary

gear train; densely planted vegetables
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Fig.1 Schematics of pneumatic needle planetary gear
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principle diagram of seed metering device
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R,— 17 B8N AR , mm
M—H B4, mm
ZEE BT EOR MR C &R e 5 JE 2 10 mm |
FEECK 2 mm JE 360 20009 B4 AR UG4S , 1545
WAT RS KA Z, =7, =39, 1T R e 8 AMEE
Wk R, =130 mm,
3.2 BMHMSEIEE
DA RGN G2, R S e e e fh -, L
SE =5 R SF A 3.69 mm x 3. 25 mm x2.36 mm, JL
A FERE R 3,05 mm, WRFRET B NN 10 mm,

K10 frRfeRie

Fig. 10 Planetary gear train mechanism

HR A
D, =(0.64 ~0.66)B (23)

Xp B——FhF L] -4 5 B JH3.05 mm
T4 R R FL B AR N 2. 00 mm , W A 4T 3 1
WRSLE [ E AR I b

U BLAE 511 B EuE ) B
A B MR 38 X HERP SRR A AT, 45 A TS
FRE R A 22K 4 M3 TL A REFR 73 A1, 8 4K
FHATEESN 70 mm, #EFIATHCN 12 47, W BCE N
20 20 mm W 2 U A LA AR KT A il W A
AR i o W B v 3 3 T R A R T
3.3 #¢

Fh GG R IIIE 2548 | 5 W RP I8 sh B AHAT
FEARUEFP GRS fh T8 S, K 1 0 A & 9 1] 4% 5K
L S, , PRIE R AP AR AP RIOCR . WA L AT
B 5RO R R ESHUER S Fh 4 4
FRSE 8 ORI K L 51785 K TR
B OR, WE R R K, K B W A it 1 7E I
X B

Bl 1la 2250 KHL0.5.1.0.1.2.1.5 2.0 B
et st s A2 IR X2 BB ., H T 11 AT AT, IR
FITERT b AL TR BRI, Y K = 2.0 I, M Fh & AE
Koy FFURWRN, 2 o) (I SE AN, 2 K =0.5 B,
WP HE S5 by s S8 BN, PRt 3 Ll 2R 05 e %
GRS B O SN R N S
FHERR RO PERE , 2 b R EGE /N T A RS
FhRE e 22 M, 2 Fh - Jo ik 58 B A

HEFBLAG B3ty 247 IF B 45 4, ML 9 2he 12 ¢
L /N T AR AR S o B4 1y O BE L, , A
CIE DT /TR FR AR AU o B B o B
Ly, 3

L, =2-2R
L, =4R

At R—ATER A EREAE B39 mm

ZitEME K=1. 2, L=95mm,D, =130 mm,

(24)
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ZEIEI 11b s R IEHER e Fh e B Bt Rl 4 HEFREEERIS
= H, =60 mm,
4.1 REMBERE

RN S i 55 B3 0 L WL 01 I L e
37.3%, TR & N 9.13 g, X 5 3% B R A
BENETECH GM520 #4520 XUE 22 7 KUAIL H X
LA XU AR, HE R P R ARG 0 25 SR FH 4 b Al
K B ORI/ INRARFh 45 e HEFD 25 D A% Jk
RO HERPE RIS AN 12 i, BAH R
HERD e 2 WA £ N TR OE R 5 HE R M B S AR O
A& 13 s,

K12 HERp i RE Rk B IR
Fig. 12 Physical map of seeding performance test device
LASE 2. WS 3R 4 Bl SOITRERENN 6. 4
RE T A 8 RHMBEAR T 9 AR AN 1015
W dk 7R 2 i

(b) K=1. 26 A i BB SR O (0 B R
ANTF) KA Ao i £ WP X Y 38

Trajectory of end point of seed-sucking

& 11
Fig. 11

needle in seed-sucking area at different K values

1§g — BTSN ~ TR RS 22% O;+a+§fﬂ%ﬂ ~ B IR0 £
8 gs o e 8§
=5 g 1 :

55 g s 2 5= i %

V316 20 24 28 32 36 B NaTi7 20 23 26 20 32 Na o7 10 13 16 19 22 ®

HERIE /(1 e min) WA 67 He/kPa {HIFH T F/kPa
P13 HERRL e Wb G0 A I T 5 HERD PR REFE AR G R i 2K
Fig. 13 Relationship curves of rotation speed of seeding, suction negative pressure and unloading positive pressure
with seeding performance indicators
42 AW 5HE £ HBERED
o R R R 6 Tab.1 Coding of experimental factors
AUV TE R HERIE B 47 B B, P # = % wn TR A AT
KIRI T, RIS AT =18 % K T o
PR 1A T AT e 2H A 1, ARl GB/T 6973 — ~1.682 12.00 1.40 0.40
2005 ¢ FkL (5 ) R FPHLI I ik ) e R HERD B A% -1 15.24 1. 64 0. 64
FRECY, HARRAE R Y, INFEREC Y, IR bR 1 0 20-00 200 100
PRI | TR, AL T 3 0, BOFA o o o
PRI A R B S ST VT HER 28 A28 AR
HELEHFI Y 251 RiFR T, 4.3 HREHH
AR H 0 PO A0 B ) R 4R B E e 43,1 IRXgREE R

BN 12 ~ 28 t/min, DA 4 v/min NI R 7 R
F 1.4 ~2.6 kPa, HIFPIEH A 0.4 ~ 1.6 kPa, LL0. 3 kPa

LS

ARG = R TR IE AR 4 Al gy 58, 3t
THEE 20 iK% IR A R IR 2 PR, X, X, X, h
FERh AR W Ao 67 H b 1E s 2 A5 (L
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2 EXRBER 4.3.2 [RlARR R T 5 S PR IR
Tab.2 Orthogonal test results iz FHACE A B8 31 Design-Expert 10. 0 Xof 12 56
e EES AR TR W REAT 2T LA RIS AT [ AT
BooX X X Y,/% Y, % Y% ~ " TR LR K .

J?f ‘1 21 31 8; o 72 o 5-‘ o TS TR AL RE AR A R AR A S HERD A
s X . U 01 a8 131s Fh oA IR IE RS Z B A R0 5 A%, I ger 45 R il
4 1 1 -1 84.46 518  10.36 (1) BHEEL Y,

SooSl sl 1 645 39 9.9 S 3o S O 43T , 25 78 I D1 14 75 146 P
6 1 -1 1 80. 08 3.99 15.93 ’ " SN

FRE M G A% BT [ AR Sy
7 -1 1 1 87.25 8.37 4.38
g | | | 3. 67 s sg 10.75 Y, =90.29 -2. 32X, +1. 04X, -0.34X, +0.55X X, -
9 -1.682 0 0 87.25  8.76 3.9 0.45X X, +0.15X,X, =2.58X; —1.8X; —1.52X;
10 1.682 0 0 78.09  4.78 17.13 (25)
11 0 -1.682 0 82.87 4.38 12.75 .

3n Z AR B A BE(P <
12 0 1. 682 0 86. 85 7.97 5.18 R % _H‘rl] AR AL 2 T M ﬁq% <#‘b
13 0 0 -1.682  86.45 8.37 5.18 0.01) , HEFRTFEE X, WP UK X, R g i
14 0 0 1682 84.8 518 9.9 DI X WA A RO I XG VR IE R A R
15 0 0 0 91.23 3.99 4.78 FI X2 B P A /NT 0. 01, B L E 453906 4 4%
16 0 0 0 90. 84 3.59 5.57 " . e " .
g o o o ss4s 395 756 B AL MR S 2 | LR TIURT 5 4 8 £ 014 5% A I
18 0 0 0 90.04  3.59  6.37 Fo RWTIALZE (P =0.7953) , LI AAF L ILAD
19 0 0 0 91.63  3.19  5.18 SRR LR SR & KR 5 By e
20 0 0 0 89. 64 3.19 7.17 g
*3 EBEFEFEDN
Tab.3 Variance analysis of regression equation
N HhEELY, HEIFIEEL Y, IR IREL Vs
TR AdEF P FEHM HBEF P T A F P

IR 243.71 9 27.14  <0.0001*  80.60 9 29.33  <0.0001** 298.79 9 36.90  <0.000 1 **
X, 73.74 1 73.92 <0.0001* 19.34 1 63.35 <0.0001* 168.63 1 187.44  <0.000 1 **
X, 14. 90 1 14.93  0.0031* 14.35 1 46.99  <0.0001*  58.48 1 65.01  <0.000 1 **
X, 1.59 1 1. 60 0.235 1 8.74 1 28.62  0.0003* 17.79 1 19.78  0.0012*
X, X, 2.41 1 2.41 0.1513 1.98 1 6. 48 0.0290*  0.021 1 0.023  0.8816
X, X, 1.59 1 1.60 0.2350 2.86 1 9.35 0.0121* 0.18 1 0.20 0. 661 6
X, X, 0.18 1 0.18 0.6775 2.56 1 9.65 0.071 4.49 1 4.99 0.0496 *
X3 95.79 1 96.01  <0.0001" 13.88 1 45.46  <0.0001*  36.74 1 40.84  <0.000 1 **
X3 46. 89 1 47.00 <0.0001*  8.57 1 28.06  0.0003* 15.37 1 17.08  0.0020*
X 33.42 1 33.49  0.0002* 13.93 1 45.63  <0.0001*  4.19 1 4. 66 0. 056 2
B2 9.98 10 3.05 10 9.00 10
P 3.13 5 2.41 5 2.78 5
i 0. 46 0.795 3 3.77 0.085 8 0.45 0.8015
R 6.85 5 0. 64 5 6.22 5
SR 253.69 19 83.65 19 307.79 19

T s AWM BE(P<0.01); * XRBE(P<0.05),

Y, =90.29 -2.32X, +1.04X, -
2.58X; -1.8X; —1.52X; (26)

X (26) [ H R B g, 75 315 4 R 4L
%) PRI 2R S M) R DR 3/IN A < HER A it R A 70 s AR 2 e
1B,

(2) ERRARELY,

i 3 X IR B 2 A, Z2 0T A U5 15 3] &
ES- AL R EEE GO OVELSitbs)

Y, =3.61 - 1. 19X, +1.02X, 0. 8X; 0. 5X X, +

0. 6X,X; +0. 6X,X, +0.98X] +0. 77X; +0. 98X;
(27)
RRIER 3mSR B (P <
0.01) . HEFMFeE X, AT X, EIFNIE IR X, FF
Pl A9 — R I XTI 6 19 7 T X |
FHIEFER R T I0 X; 19 P {E/N T 001, BB L
A T A AR R MR 3 5 A e s R R e

B/
52
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B 4 SR R R RS E R S 0T S5 95

TR AE HI0 X, X, (HEFR S F0 R E T 1 58 530
X, X, 1) PAEI/NTF 0. 05, Ui B LA 4% 700 %) S % 45 5
A2 0 2, RO ERE R B A R %, K
TR (P =0.085 8) , P W A7 A HoAth 5 i 48
PRy FER R, BIERAS 5 2E 25 09 B AR
Y, =3.61 —1. 19X, +1.02X, —0. 8X, —0.5X, X, +
0.6X,X, +0.98X} +0.77X; +0.98X>  (28)
X2 (28 ) [ R B A g, 75 3 R AR AL
{18 PRI 2R S M) R DR 30/N < HER A it R A 70 AR 2 e
1EJE,
(3) IR HE %L Y,
i 3 X IR B 4 A, Z2 0T A U5 15 3 & A
B 1 1 K [ A
Y, =6.1+3.51X, —2.07X, +1. 14X, =0. 051X, X, —
-0.15X,X, —0.75X,X, +1.6X; +1.03X; +0. 54X,

(b) X,=0

0.01), HEFPFEHE X, WA GUE X, EIRRIETS X, HE
e S (9 7 B XS R RS Y IR 5 XS 1 P
EYI/NT 0,01, B LA E 4% 000 T 75 45 £ 52 ma i
S WP GRS RN IR I R Y 58 B X, X 1 P B/
T 0. 05, 6T I5 X i B5 4 R 5 e G A 0
Xof U 45 48 B S AN 2, R B (P =
0.8015) , Ui B AFA7E HoAl 2 ma 46 A 1) E 2P &K
SBRAN .25 K 2R 1 [l A A Sy
Y,=6.1+3.51X, =2.07X, +1. 14X, -
0.75X,X, +1.6X; +1.03X; (30)

X2 (30) 1719 R B A 5, 75 31 T 7% 45 L
18 PR 2R S0 R DR 3/IN Ay - R A | b £ A 2R A
i,
4.4 JBEAZEXMERIEBHIRN

iUl Design-Expert 10. 0 Xﬂ‘ﬁﬁ]&ﬁ?ﬂfﬂ,ﬂﬁ"
FIHERN L X, WA X, FUEVRP IE R X, X5 A%
R S e R S 17t TR AN 14 B

T 0414

(c¢) X=0

Pl 14 S P ZX GRS 8 RO ne (4 i 157 i T

Fig. 14 Effects of interactive factors on qualified index

& 14a RN EE N 1.0 kPa B, HEFR G 3 A1
Pt Fe 52 B A T B4 e o7 il T, HE R A R 16 ~
24 v/min WP GUTE N 1.7 ~2. 3 kPa B} HEFR-S A& FE 5L
B, WM A R — 8 I, A HER 5 3 O HERD
GREFEEE LIS R, HERMG S — g i, Bl R A
TR, HER SR8 FEE0E EIHE TS, HERpEE 3
420 v/min EFN 7R 2 kPa B, S48 TR AR = .

& 14b W47 A 2.0 kPa B HEF 7 8 A
IR TE e 09 22 BAE FT B o g oty i, HE b e R R
16 ~24 r/min HIFHIEEHR 0.7 ~ 1. 3 kPa B, HEFD &
I AR R, EIRPE He — o B B HE D A 3
K HEFP SRR B TG TR, HERh L s — e it
Bl 1 IF F 3 K HERR G A e R B TR R
HERN 340 20 v/ min  HIFPIE A 1 kPa B & 4% 4
B .

B 14c MHERP L 3R 20 v/ min B W Fp 67 R
HIFPIE RS BAE R R i i, AN R 1.7 ~

2.3 kPa I} IR IEJE K 0.7 ~ 1. 3 kPa I HERP & 45
FeBUEE Wb O R — R I Bt R E TR A
HEFP S A8 H6 55058 B TS N RE, SR IE HE— & B, B
AR R BEK, HeEA S A 8 R0k B S TR
W67 A 2. 0 kPa B, HIFPIE KR 1.0 kPa B, &
MR B
4.5 SEHEAERIERE

J A RAFERERADRE TS 8ALE, UG
SRS ONING IR RS K LRy S UNYIL YK A=K
FENT A R LA AR AR T R L2 IR R A AL R i, 12
Design-Expert 10. 0 BIPLALBHR 15 . Y HERR % 38
4 19. 56 v/min W Fh £l 2. 05 kPa I IE K K
1. 00 kPa B, HEFP: B I8 B 5 A, % 7 HEF-5 46 16 4L
H90.92% , U #& 75 B R 4.98% , FH I 5 B K
4.10% , BRSRfE RN RS HA G S5FKTES
BAAGSEIE, S UE A B o7 5t AR5
B SRR 55 X R R AR S BGIEAT IR e
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2022 4

Wi 671 He A 2. 0 kPa HIFFIE R 1. 0 kPa  HEFR 5
420 v/min, HE AT 3 KA AL, VP HE N A
k48 B 91.48% | T 45 15 B 4.28% | H £ 15 %K
4.24% ISR 5SS RAIE

5 #E|HILIE

MR FNER T 727 53 B S HERD 25 AN 51z 2l
I3 ATT AT AL B 7R A R 2 A B R R S0 P
F G HERN SR HIR A T R HE
Fofr i B 7 AR A+ 3 AR AN A2 15 M 0y L FNE TR
TVER B A Z AR J& T IA R GRS

S I HE R | VR I R DL R B v B X
PRSI 2 8 S AR HERP AR T O T R
BALHERR 25 FH (] 45 FfopR 285 I J F Al | 00 4 1
e 15 Fras, Horp e Fh A A S 4 A A2
G g I W RS T I e w1 4N R e
JELEE A 50 mm , 4584 FH B SRAE (9 40 A% V0 58 4 155
ikt 35 KRN 18, 37% , BRI B % 5% b v
100,200,300 mm , i i MR HEFP 25 76 4l 5 28 17
F14) T L e B R AR A i B

K15 HERHR I s A
Fig. 15 Physical diagram of seeding test device
LM AR 2 BRI 3 AR 4 £
B 5. KBl 6. SNRITEICRHFES 7. 4
Sk W A v B S ) 2 CHE A g X A
IRBOR T 90% , It 850N T 5% , HRFIREBUNT
5% [ TAESAE T IS EA & A THRFP R0, AR 45 A1
WITEAZIR S, xF T ST (0 R Bl B R T R 2 [H &
PR A, H: H AR R g 5 L 55 1R
Y, (X,,X,,X;) >90%
Y,(X,,X,,X,) <5%
Y, (X, ,X,,X,) <5%
-1.682<X,<1.682
st —1.682<X,<1.682
-1.682<X,<1.682
SRARAS AEW T 67T 2.0 kPa FEFREL 3 18 ~
22 r/min HIFHIEEH 0. 8 ~ 1.2 kPa B}, §4&F5 5044
KF90% , EREFIEEUNT 5% , Wi BN T 5% ,
BRI A2 TAESE T IRIT, S8 4 i,

(31)

x4 RBESH

Tab.4 Test parameters

RIS HEFFEE/ (comin =) HIFIER/kPa B B/ /mm

1 18 0.8 100
2 20 1.0 200
3 22 1.2 300

P HER S HARA (16) L (17) , 15 3105
B AT EH 4R ) 150 175,200 mm/s, 1] 435iF
B 28 FRIE 80 mm AL A SE B, XS E R 4 Iy
/R AR GB/T 6973—2005 ( Bk (R %) #& M HLIR
B )5 ) SR D SE 250 ASRLER | 18 A 46 5 EORIRL
PR S R B e bR Al AT 3 I, gttt
FOFBIE, 25 R N3 5 PR,

®5 BMABER

Tab.5 Seeding test results %
EE/ el AN, (EIE

kPa  (r'min~") mm AAEIREL ORIFEAE S R AL

100 86.3 11.8

18 200 86.3 13.2

300 84.4 18.1

100 87.2 10.7

0.8 20 200 85.8 11. 4

300 83.8 17.0

100 87.6 12. 4

22 200 87.0 14.0

300 82.6 20.5

100 89.2 11.6

18 200 89.0 12.7

300 84.8 18.3

100 91.2 11.7

1.0 20 200 90. 4 12.3

300 86.2 19.0

100 88.4 15.7

22 200 88.2 14.6

300 86.6 21.6

100 86.4 14.2

18 200 85.8 15.3

300 80. 4 23.0

100 87.2 16.1

1.2 20 200 84.6 16.0

300 82.1 24.7

100 84.6 15.7

22 200 83.9 15.7

300 79.8 24.1

HIZE 5 AL AR TAESHECR , th i iy
R I B HERR A A 15 B8 R T 90% |, (EBLRRR 76 Rl R
A E DA EAR TR KR PR, BoRh i EEROR &
AR BT IR R PR A8, 3 WA ol e e 1) i AL 42 2
AR T Ve ORL R B, 7E [R) — SRR IE RN, R
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B 4 SR R R RS E R S 0T S5 97

M 100 mm 38 2 200 mm B 7 R AR S 22 5048 1 i
FEXTAE /AN s 4P i FE RGN 2] 300 mm B, 7% Fioki B
B P A8 A A KRR AR S RO K2 17. 0% VI L
FE[F — M BT HERD G sl o b PR AR S RO
TIERTS , FE AR ] TAE S sl B s BE 25 R T, LAE)
FIIEFE 1. 0 kPa S0y | 1F F 38 Kl /Nt 7 B 48
SRR A, 1.0 kPa B4 Z 1. 2 kPa IR 28 5
ZBUBAL LR 0.8 kPa P HE B B, Y4 Fh IF &
0.8 ~1.0 kPa, TAEFEE 18 ~20 v/min  $& 51 B/
T 200 mm B R EEAR S R BORK T 13.2% , TAEM:
RERLAL .

3 M2 R R IE e PR 2% 3 R B 44 A0 P 22 1Y J 1A
A AEIE IR I B F7E T v f h U AR K Fh
SRR G W k| B8 ) 15 UK BE 43 A0 AR 38 5T 5 i sl RTIE
RIS/ N W R R AN S st s B HE SR A3 R B 2 | Fol
TAE R B K00 78 RS S M 2%
A3 AT b 2 DR 25 3k kL IR Y T 1 25 Y SR IR A 4
ol vy JBE 3k v B, = DA A 11 oV ) 2 o IR 1 3
Y S TR] G K 3800 1 A 55 o DRl 4 s 0k T 6% 1) K
1 ORI AR S R AT

GBI 2R o B A R e 45 2R K o
CIFSIIES = ooy vai ol a5 2 uliRTN iR = e =
JEE 3R R AR S 2R BB M O, R BN T
200 mm A R AR S 2R R A W 0P i FE R
F 200 mm A, R AR S REC R, RAATE
R SRWMATRE LS W7 LA HE R SR AR AL
BERh A L ELAT IE SRR AL A48 ST SRR HERR 0 7K
(B BERR T AR T BeRh R, DA R Y )

6 it

(1) 51X 35 3 45 /INBE A2 % 50 Bl 1R A2 15 %
Fl AEFP S MR & B = 38 4% e 4 1 )
BT T —F S T B R R AT 24T BRI
P FPRG B HERR 2 8 AT B 5 R 5 A4
EHLA, SR iz s B0, A B AR e B
DASR S 751 7 8 A SORORG 25 R A o o, 8 TSR AR
INREAR G TP AEA TR B R R

(2) FA T R i R 5 b B 4T ) 2 A TR 5 i 3
15 ADAMS FERAENLAT EL 34T T IR Ah o 28 1 AH
X2 Bl R4 X2 ST , 45 G A X2 sh Bl
(A7 A% 5 P8 T 28, I 1 HE ol 25 7 R e DX AT 52k P
FRAE AR DA A 45 ) 2 2, DA B HE o 25 52 BRAIR
PR FN 25 B T HERp R ST S5 S8,

(3) R FH Wl IF 22 e e 4 A58 7 ik it A7
RIS, IR S5 AT 225007, 45 Hh 2 i HEFP &
FEFR B F U Ay HE o 7 | W 67 0 2E0 4 IE
. FJH Design-Expert 10. 0 #4317 508E 01k, 75
MR TAES B G HEFP e 3 19. 56 +/min | 1K
Fli 6 2. 05 kPa  HIFFIEJE 1. 00 kPa, BEEFA 45 45 %
=K, B SR S, 688 RE, 2k
AEFE bR N A FE B 91. 48% | T #E 45 B A
4.24% JRAEIEBIYME 4. 28% , S &5 R A —
B, PR LEARRAE R BON 1. 53 B T HRHAL %
PRI ah R0 SR IE R 0. 8 ~ 1. 0 kPa, TAE
BE 18 ~20 v/min RN BE /N T 200 mm B, b7 BE
R ZRAKT 13.2% , TAEVEREEAL,

2 % x #

[1] SEN S, CHEN S L, FENG B, et al. Preventive effects of North American ginseng ( Panax quinquefolium) on diabetic

nephropathy[ J]. Phytomedicine, 2012, 19(6) ; 494 —505.
SRV T SR o R S i [ T ). Al ALEEHR ,2019,50(7) <61 - 73.

(2] ZEEIN 0, K%, 5.

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]. Transactions of the Chinese Society for Agricultural Machinery, 2019, 50(7) : 61 —73.

(in Chinese)

(3] S, R4 BB, 2 = L AR R S OR R B B R 1. 4o T4 2016,32(2) 120 - 28.
GAO Xiaojun, ZHOU Jinhua, LAI Qinghui. Design and test of Chinese herbal medicine Sanchi air suction drum type precision
seed discharger[ J]. Transactions of the CSAE,2016,32(2) :20 —28. (in Chinese)

(4] BIRE &/, B, 5. IS A EORBE R[], Al AL, 2017 ,48(9) :1 - 16.

LIAO Qingxi, LEI Xiaolong, LIAO Yitao, et al. Research progress of precision seeding for rapeseed[ J]. Transactions of the
Chinese Society for Agricultural Machinery, 2017, 48(9) : 1 —16. (in Chinese)

(5] BEEWE, ZNEBIRE . BAHLSMHAR SR BT R [T]. AU ,2020,51(12) :1 - 14.

LIAO Yitao, LI Chengliang, LIAO Qingxi, et al. Research progress of seed guiding technology and device of planter[ ] ].
Transactions of the Chinese Society for Agricultural Machinery, 2020, 51(12): 1 —14. (in Chinese)

(6] M, BUNGHT, KR, 55, TR R M BRI )], R A ,2016,47(11) :38 - 48.

YANG Li, YAN Bingxin, ZHANG Dongxing, et al. Research progress on precision planting technology of maize [ J].
Transactions of the Chinese Society for Agricultural Machinery, 2016, 47(11) : 38 —48. (in Chinese)
(7] T B, Fam, 55 B I U s S HR e B - 51t [ T ] Al AL 2016 ,47(11) 282 - 90.



98 2 A A S 20224
WANG Xiying, TANG Han, WANG Jinwu, et al. Optimized design and experiment on double-row cross spoon-belt potato
precision seed metering device[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2016, 47 (11) . 82 -90.
(in Chinese)

[8] BAHSR, BTULE & 5. REIBF LR B XUE SR HEF S [ 1], AR HLIE 4R ,2013 ,44(8) .78 - 83.

ZHAO Jiale, JIA Honglei, JIANG Xinming, et al. Soybean seeder bias double disc air suction seeder[ J]. Transactions of the
Chinese Society for Agricultural Machinery,2013,44(8) :78 —83. (iin Chinese)

(9] OO, RER, &l B IR a5 IR5 [ 1] R U= 4z ,2009,40(5) .72 - 75.

YUAN Wensheng, WU Chongyou, JIN Chengqian. Design and test of special-shaped hole socket eye wheel rapeseed seeder
[J]. Transactions of the Chinese Society for Agricultural Machinery,2009,40(5) ;72 —=75. (in Chinese)

[10] P, & 500, TR, 5. =-LR/UESEHFEERITSRE[)]. RLHIEEEHR ,2019,50(1) .85 -95.

LAI Qinghui, CAO Xiulong, YU Qingxu, et al. Design and experiment of precision seeding device for hole-drop planter for
Panax notoginseng[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2019, 50(1) ; 85 —95. (in Chinese)

[11] AN, AR5 AL, 55, N AR AL & BORS S HE R B S5 IR0 [ 1] R WU 4z ,2021,52(8) 173 - 85.

HU Mengjie, XIA Junfang, ZHENG Kan, et al. Design and test of high-speed precision seed discharger for internally inflatable
cotton[ J]. Transactions of the Chinese Society for Agricultural Machinery,2021,52(8) ;73 —85. (in Chinese)

(121 T3, B, XSy o A5 i By ZEh il 2 oK A0 o ORS deHERP R BT [ 0] A0l TR 2441 ,2018,34(22) <1 - 11.

DING Li, YANG Li, LIU Shourong, et al. Design of gas-suction high-speed precision seeder for maize with auxiliary filling
tray[ J ]. Transactions of the CSAE,2018,34(22) :1 —=11. (in Chinese)

[13]  ZERAR R 4106, 55 AT R UOGEA R DR R B B 550 [ ] £l TR %41k ,2020,36(3) :37 - 45.

LI Tianhua, HUANG Shenghai, NIU Ziru, et al. Optimization and test of sowing uprightness of planetary wheeled garlic
interpolator[ J]. Transactions of the CSAE,2020,36(3) :37 —=45. (in Chinese)

[14]  MAERFS AR, B A3 45 s/ NIRRT 2R R HER 5[] 4O HUR 42,2014 ,45(1) 146 - 52.

CONG Jinling, YU Jiajia, CAO Xiuying, et al. Rape wheat combined type pneumatic precision seeder[ J]. Transactions of the
Chinese Society for Agricultural Machinery,2014,45(1) :46 —52. (iin Chinese)

[15] WU, TR, 56, 45, =Ll AU S 2 o 56 [ 1] AL ,2019,50(4) :102 - 112.

LAI Qinghui, YU Qingxu, SU Wei, et al. Design and test of Sanchi ultra-narrow row air suction precision seeder[ J].
Transactions of the Chinese Society for Agricultural Machinery,2019,50(4) :102 —112. (in Chinese)

[16]  BRIEFE, ARERA SRR 55, RO TR ARERLA S T CHR R[], Aol T4 ,2018,34(21) :8 - 16.
CHEN Meizhou, DIAO Peisong, ZHANG Yinping, et al. Design of single disc and double row air suction seeder for soybean
narrow row dense planting seeder[ J |. Transactions of the CSAE,2018,34(21) ;8 —16. (in Chinese)

(17] B2rtly 284, B00m. BGE SR a5k ] . R ,2010,41(6) :56 - 60.

XIA Hongmei, LI Zhiwei, ZHEN Wenbin. Design and test of pneumatic plate vegetable seeder[ J]. Transactions of the
Chinese Society for Agricultural Machinery,2010,41(6) :56 —60. (in Chinese)

(18] =W XUWews, B, 45, R 2 sehs AR ae [ 1] R4, 2013 ,44(12) 68 - 73.

LI Ming, LIU Xiaohui, LIAO Yitao, et al. Pneumatic drum type rapeseed concentrate collector [ J]. Transactions of the
Chinese Society for Agricultural Machinery,2013,44(12) ;68 —73. (in Chinese)

[19] B, A0, BRE 45, ERURASEH AWHESEAROT SR 1], R ,2019,50(3) 146 - 57.
LIAO Yitao, ZHENG Juan, LIAO Qingxi, et al. Design and experiment of positive and negative pressure combined tube-needle
centralized seeding device for American ginseng[ J|. Transactions of the Chinese Society for Agricultural Machinery, 2019,
50(3): 46 —57. (in Chinese)

(20] B, MR BRE S AT ISR R R AL 5K [ 1], AU ,2022,53 (1) 92 - 103.

LIAO Yitao, LI Chengliang, LIAO Qingxi, et al. Design and test of narrow row dense planting American ginseng precision
seeder[ J|. Transactions of the Chinese Society for Agricultural Machinery,2022,53(1) :92 —103. (in Chinese)

(21]  BRilgdls 2t Eub 45 IR S L AT R MR S BT 5 28U 1], 40l TR, 2018,34(17) -
16 —24.

CHEN Haitao, LI Tonghui, WANG Hongfei, et al. Design and parameter optimization of three-row soybean dense planting
seeder on air-suction drum ridge[ J]. Transactions of the CSAE,2018,34(17) :16 —=24. (in Chinese)

[22]  BUDRHE, ShSCG , X 3R A5, A0S 58 S X P TR S b 2 SE A Pk REAALL S 30 [ T ] ALK 412, 2017 ,48(5) 144 - 53.

LAI Qinghui, MA Wenpeng, LIU Su, et al. Simulation and test of seed filling performance of air-suction disc type micro potato
steaker[ J]. Transactions of the Chinese Society for Agricultural Machinery,2017 ,48(5) ;44 —53. (in Chinese)

(23] BRI RS, T, 5 IR PR R R SRR KRB SE[ 1]. Al T4, 2018,34(24) :10 - 17.
LIAO Yitao, LIAO Qingxi, WANG Lei, et al. Study on the influencing factors of seed absorption effect of pneumatic small
particle size seed concentrate seed drainage[ J]. Transactions of the CSAE,2018,34(24) ;10 —17. (in Chinese)

[24] AT FREIFALAOK R b @i B LA AL B 5380 [ D] iR  ARJE Ol R, 2020.

SHAN Yiyin. Design and experiment of high-speed rice transplanter interpolation mechanism for protruding open-hole rice film
[D]. Harbin; Northeast Agricultural University,2020. (in Chinese)



ERNR B 4 SR R R RS E R S 0T S5 99

[25]

[26]

[27]

(28]

[29]

[30]

[31]

T R, B R, A KRR ) AR A A A S B [ 1] Ak TARAEHR,2015,31(12) 223 - 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)

BEIRE:, Tl kil , 45 S BRAT AL G LT AL B B0 T S8 [ 1] R HLRA4,2020,51(8) 162 - 72.

LIAO Qingxi, WANG Di, YAO Lu, et al. Design and test of perforation device of rape laminated perforation machine[ J].
Transactions of the Chinese Society for Agricultural Machinery,2020,51(8) :62 —72. (in Chinese)

EaR N, 40 55 89 KRR R S SRR BRI SR )], AU ,2017,48(1) 29 - 37.
WANG Jinwu, TANG Han, WANG Jinfeng, et al. Analysis and experiment of guiding and dropping migratory mechanism on
pickup finger precision seed metering device for corn[ J]. Transactions of the Chinese Society for Agricultural Machinery,
2017, 48(1) : 29 —=37. (in Chinese)

Xt B A TR 5. PR R BN 12 32 A S [T ] FLBC T R4 ,2017,53(7) 276 - 84.
LIU Jiaodi, CAO Weibin, TIAN Dongyang, et al. Kinematic analysis and test on transplanting mechanism with effective zero-
speed transplanting on mulch film[ J]. Journal of Mechanical Engineering, 2017, 53(7); 76 —84. (in Chinese)

ZEUM ZERT B, A5 S AL R AR B SRR [ 1] AU ,2018,49(2) 48 - 57.

LI Mutong, LI Tianyu, GUAN Xiaodong, et al. Design and experiment of rotary hole seeder for dryland[ J]. Transactions of
the Chinese Society for Agricultural Machinery, 2018, 49(2) : 48 —57. (in Chinese)

T AR A, RYL, A ISR B HERD SR TR A B BT SR [ 1] ARl TR, 2017,33(9) 29 - 36.

DING Youchun, YANG Jungiang, ZHU Kai, et al. Design and experiment of seed transfer induction device for rapeseed
precision seeder| J |. Transactions of the CSAE, 2017,33(9) :29 —36. (in Chinese)

TR HUAER =B BE. AOAURBEE T B M. dEs0 b E AR R HOR B i, 2007.

(L#EF 30 T)
[19] ZEEA, XIPL, FFE . A B A B e il [ M. b Jb gt 3 TR 24 ikt 2019 .24 - 89.

[20]

(21]

[22]

[23]

(24]

(25]

[26]

[27]

[28]

XUHL, BREA, 386,45, Sl E N A B R e AT [ )], R4 T2, 2019,41(5) ;514 - 521.

LIU Kai, CHEN Huiyan, GONG Jianwei, et al. Study on handling stability of high-speed unmanned vehicle[ J ]. Automotive
Engineering, 2019,41(5): 514 —521. (in Chinese)

W, BISCH:, XM, 5T MPC I A S B ikt i A R[], BRI (CTRHIR) , 2020,42(3) 1279 -288.
CHEN Wei, LIAO Wenhao, LIU Mingchun. Lateral path tracking control of autonomous vehicle based on MPC[ J]. Journal of
Nanchang University ( Engineering Edition) , 2020,42(3) ; 279 —288. (in Chinese)

XUPL, 34, PRETF, 5. Sl e N S 30 A @i i s LRI 5 4 B9 3h 2w AL A [0 ] LB AR 24, 2018,
54(14) .141 - 151.

LIU Kai, GONG Jianwei, CHEN Shuping, et al. Dynamic modeling and analysis of optimal motion planning and control of
high-speed unmanned vehicle[ J]. Journal of Mechanical Engineering, 2018 ,54(14) ; 141 - 151. (in Chinese)

TR, WHER, BT, 5. FETARZ TR AL MPC 7B AR IR R A [ T]. 1RZEH0R ,2022(3) 28 - 34
ZHANG Rui, XIE Zhengchao, ZHAO Jing. Vehicle path tracking control method based on nonlinear prediction and linearized
MPC along trajectory[ J]. Automobile Technology, 2022(3) :28 —34. (in Chinese)

TR, SR, MRS ST XUZ S B SR Y JE A A e S 1 P [ BRER R R Ok (0], SR TR, 2018,
39(9) :1675 - 1682.

WANG Boyang, GONG Jianwei, GAO Tianyun,et al. Longitudinal and lateral cooperative tracking control method of tracked
vehicle based on double-layer driver model[ J]. Acta Armamentarii, 2018,39(9) : 1675 —1682. (in Chinese)

XU, T, SEEAG, A5 MEFHIE TR GRSl - B S PO BRER 1], U TR 2440, 2019,39(9) 1933 -937.
LIU Kai, WANG Wei, GONG Jianwei,et al. Dynamic modeling and trajectory tracking of intelligent vehicle in off-road terrain
[J]. Journal of Beijing University of Technology, 2019,39(9) : 933 —937. (in Chinese)

XUV, IR, WA, T MPC B0k B9 4R A S DT R G EAE R T ()] ERE T RS2 4l (A AR,
2021,35(3) :53 - 60.

LIU Xi, MING Lang, HU Yuanzhi. Research on hierarchical control of vehicle adaptive cruise system based on MPC algorithm
[J]. Journal of Chongqing University of Technology ( Natural Science) , 2021,35(3) : 53 —=60. (in Chinese)

W, ZEME, ML T AR MPC R [ 32 BRI R ER R R [T ] AN RS2 4l ( AR B RR) , 2021,
49(4) 500 - 507.

FAN Xianbo, PENG Yuhui, ZHONG Cong. Trajectory tracking control of autopilot vehicle based on adaptive MPC[ J]. Journal
of Fuzhou University ( Natural Science Edition) , 2021,49(4) : 500 —507. (in Chinese)

55, i, A AE. GEVR RERE IS AN Oy s SO R RE [ T] . Aol TARE4z, 2018,34(9) 21 - 32.
HE Yong, JIANG Hao, FANG Hui,et al. Research progress of vehicle intelligent obstacle detection method and its agricultural
application[ J]. Transactions of the CSAE, 2018,34(9) : 21 —32. (in Chinese)





