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Design and test of a double-row high-speed precision corn seed metering
device with guided side-filling and posture control
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(1 College of Modern Agricultural Engineering, Kunming University of Science and Technology, Kunming 650500, China;

2 College of Energy and Environmental Sciences, Yunnan Normal University, Kunming 650500, China)

Abstract: [Objective] Aiming at the problem that the existing mechanical corn seed metering device
decreases the seeding quality at the condition of high speed operation, a double-row high-speed precision corn
seed metering device with guided side-filling and posture control was designed. [ Method] The posture limiting
plate, combined with the seed metering plate and the seed protection plate, was used to limit and guide the
posture of seeds before side-filling into the seed filling holes in stages. Meanwhile, the radial mutation structure
was used to assist the gravity seed cleaning to achieve high speed and precise seeding. Based on the shape

characteristics and dimensions of corn seeds, the principle of staged posture control and guided side-filling and
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the basic structural parameters of key components were determined. Using the coupled discrete element method
and multi-body dynamics (DEM-MBD) approach, with the top width of the orifice plug, the rear height of the
seed protection plate, and the bottom angle of the seed protection plate as test factors, and with the qualified
index, replay index and leakage index as evaluation indexes, a quadratic orthogonal rotational regression
combined simulation test was designed, and the reliability of the simulation test was verified by bench test.

[Result] The simulation results demonstrated that under an operating speed of 12 km/h, the optimal corn
seeding quality was achieved with the following parameters: Orifice plug top width of 4.65 mm, rear height of
the seed protection plate of 5.10 mm, and bottom angle of the seed protection plate of 81.86°. Under these
conditions, the qualified index, replay index, and leakage index were 92.18%, 5.13%, and 2.69%, respectively.
Bench validation tests indicated that at 12 km/h, the qualified index reached 91.45%, showing a relative error of
0.79% compared to the simulation results, thereby confirming the reliability of the simulation optimization.
Furthermore, within the operating speed range of 816 km/h, the qualified index consistently exceeded 90%,
while the replay index and leakage index remained below 7% and 4%, respectively. The seeding performance
was notably superior to that of traditional spoon-wheel seed metering devices. [ Conclusion] The designed seed
metering device exhibits good adaptability to varying operating speeds and fulfills the technical requirements for

precision corn seeding.

Key words: Mechanical seed metering device; Precision seeding; High-speed seeding; Corn; Guided posture

control; DEM-MBD
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a: Structural diagram of seed metering device
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b: Assembly drawing of seed metering device
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1: Front shell, 2: Left posture limiting plate, 3: Bearing, 4: Shaft end nut,
5: Left seed metering plate, 6: Left seed protection plate, 7: Shell, 8: IT
shaped seed intake tube, 9: Seed guiding tray, 10: Right seed protection
plate, 11: Right seed metering plate, 12: Drive shaft, 13: Right posture
limiting plate, 14: Back shell, 15: Orifice plug, 16: Seed guiding channel,
17: Compression spring, 18: Seed filling hole.
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Fig.1 Structure diagrams of seed metering device
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Table 1 Three-axis size and distribution proportion of corn seeds
K& /mm T FE /mm JE & /mm
FE eI N AN Length Width Thickness i H/%
Seedtype  Size E/ME &KME PHHE &ME BKE CFHE BAME O EKME FHE Proportion
Min. Max. Avg. Min. Max. Avg. Min. Max. Avg.

[ZE A N 1057 1168  11.05 8.55 9.71 9.07 7.51 8.49 7.73 10.6
Round /| 9.52 1049 9.92 731 8.47 7.89 6.16 7.44 6.87 11.6
THME 10.34 8.77 7.06
Ji P x 1153 1282 1213 8.82 9.98 9.42 5.06 5.84 5.41 48.5
Flat /N 1046 1142  10.99 7.62 8.79 8.27 4.17 5.00 4.55 29.3
THME 11.68 9.15 5.06




5 ]

Il G WBIR 2T 5] 0 78 30 EOK o S A A8 B 5 16 695

22 HEMESHIEI

HEM A 0 B A e S 20 FLAG 1 1) B8 S o AT, x
BULMERE R OCEZ ., CRMAUR BT d1, HL
A HE R 25 1R o i B4R 38 L 140~260 mm, ANEH
SREGE N . HEFR S B AR IS /N, HERR ST 2 A Y
FLAE AR B D, HERD S S AR L R AR T, A
FIT-HEFRI 5], Fo0E s HEFR T EAR I RIS, 2 FLAd 1
BEWZ, AR T FEACHR & 0 TR E, 52T
TS e P, (FL A 2 AH B2 T i A | RE T HE B
VENL I FE o MUAR S L85 75 18 J5 ik BOHE AP A A6 4%
dy 2N 220 mm, W1E d, ¥ 180 mm.

N S I FLAE A A 1) Y B, HEA R BT
RO FL A A T B Al , 2 LA R AE e 4 50 3 1R 5 )
YEF NEE S N AR T B o (Rl HERp A 5 i
Pk T3 a0 b 2= N AP RE, 723G AR AR 2 M
[ B S PR RS, R AR (B 2).

PRk Hemp L

Seed stirring teeth Seed metering plate

T FLATAF
Orifice plug

43k
Compression spring

B
Slide groove
do: HEFH LSS, dy: HEFVRE AR
dy: Outer diameter of seed metering plate, d;: Inner diameter of seed
metering plate.

2 HMERTTEE
Fig. 2 Assembly schematic diagram of seed metering plate
23 PREWREGHIT

B 2 Al C A A A 5 L AL A 1R TR R 5 T8 T
FER - BE N FERN AL AL AT TS A2 A 7 283, R
PABEAE ) 22 25 278 40 F i 15 Y LA 4 38 ) 4L R
FRAP R FL AT 3 A AL B o PRZSARA R 281
ey AR LV IS A - PR e N FE A AL, AT CRAUE
ot 5 v AR R P 7 A g 2N 7 A OR AR E
SETHHERPERE o PR 2SR A 2 A Fe T 18 R AL 1] 2
K 3 Fros.

H R ORE PR PR EEBOR, BT L AL
i~V A0 BRI U G o AR I F) KT
RO AE, W ROR BLUR AT AR R T
10 mm, 95 EAE /N T 10 mmo PEE it fR%E
THE R EEE u N 10 mm, [RZEEMREE v A
10 mm, AAERDF IR E TS A AL B, FRZEIETE
e KT Ry IR EEHE f (28°) Jim 90°, B 118°. &
HHRE, WL I ey 135°, fHFR LS HEFh it Al

S TR
S A B 7
- =

a: EITE
a: Unfolded diagram

b: HIHLE
b: Sectional diagram

ws BRI B FLRE B, ve PRZSIETE R B 2, e: FRAZITE JE A o
u: Vertical distance of posture limiting channel, v: Inclination distance of
posture limiting channel, e: Angle of posture limiting channel.

B3 [RERGHTEE

Fig. 3 Structural diagram of posture limiting plate

PR R C A R S EKR PRI RTE S
23.1 HAMRET FEE>N WIERTHHK
PR 5] ik 8, T BRI HEFP A DL R 4 P At
(LS FRFAE, K 152 PR X 32y v 4 AN Xk (B 4)

B HIRE G T, B TR AFRE A
Pl J5 A X IO, 78 KIRO M FhF L8 KB 0N
6 Flt, 43 A : IETH S5 00 ThD PG (0 TR0 Y88 57 GE T
W N7 U TH] 88 7 R JER TR P S, G v T TSP S 0 0 T
P50 R e SRR TR ) b TR T HERR R, 1T
X IR @ PR 2238 18 % B P 2w oA 10 mm, T LLX 2 Ff
BERIF T IIEFN XD, Kk A X 5@ 1) Fh
TR RIS R4 T, 4052 M 857, IR T B
S JETHN ST AR T . R S RIRE G T,
X IR @R 2@ EBREE S v A 10 mm, XK@ 55X
WO R LEIE IS e H 135°, ArAXIH@ K IETH
BSTIEE I BTN G, HR 3 AL
25 DU IR 2R R TR T RN X 35 ®), Fr LAIX 3B
Fh 723 KB 4 Ff, 5390 2 ) T 8 S7 0 T ks
G RS T B ST AR AL . R R = RIR KT,
X 3k @ Il 7 7E T A7 B0 Sy AR RE TR FH 7 45
HGAEHT, BIAX @M 7 F A &, XIR@FF
TR REGT 4 Tl 2 590 A2 00 T 88 7, A0 T ~F- 5
JIG TH 56 7 A A T P 5, AT SEER T 8 88 K bk
AN FEFP Y FLATZAS 1 H B, AR B8 P, B AR E M
HEANFEFAYAL
232 FFiEsIE A F o RIEXH TN
PR 5] Sk R B 0B, B A 138 BB 43 e
— A 2 B (B Sa). FHEXTBRIZETE R 4 X
W A7 1z sl FE AT %2 1 (B 5b).

TEX IO, Fp-52 7714 BREAON P S RF
71 Fp B P 5HEM S Z M BEE ) £ Fh T 5 ER%



696 Herg RO K 254 (https://journal.scau.edu.cn) 546 5

-
-
-
-

Xi%®
Region (D
B YT T A 17T SV A o1 LSV A 1 T VAR A T 1
L42%1 Front lie Side lie Side stand ~ Front stand  Base stand Base lie
eve
XH©@
Region @)
éﬁn EWEY MRS RERSL R
Frontstand  Side stand  Base stand Base lie
XI%®) |
Region @)
= 53t B =% MRS ARG RIS RN
l%:i%r,izct?fl(i range Level 3 Side stand Side tilt  Basestand  Base tilt
®ff|7'd‘]5ﬂ§ilﬁiﬁ XK@ ANSZBRZEAS
IS'ee'd'posture Region @ 4 |:| Unf;stricté‘:i posture
imiting channel
_— ZIRZEZE
v © HinHA W W Ry TR L e e
Seed filling direction Side stand Side lie Base stand Base lie
B4 EXRMFHRRESISITESH
Fig. 4 Analysis of staged posture control and guiding process for corn seeds
X @ X %@ X% E) XIE@
B — Region @ Region @ Region @) Region @
Track 1 y
Bk — s .
y Track 1
G
B =
Track 2
X
L7/7) - F ;
Track 2 2
— G
a: BT b: 2154
a: Motion trajectory b: Force analysis

For BREEAR X T T (SR 77, fo: b7 5 R R BEE 71, Fy: HERWRER A T IS RE 7, fo: BT S HER S Z (MK BEHE T, Fox By Z 1B KR TT, Fe
RSG5 R0 T2 A AR S0, F e PRSI TSR 0, Fyps PR X T 0930 H 0, Fo B T2 BB 0, Fa' < RSO T 300
JITE y HhE5r )1, G: Fh ¥ B2 )3 s Ad: B0 75 BRI A s A 00 B s Adl) = 115 HERRSE 42 A a5 00 000 B 5. Aty b5 280 LR A 4 s P 00
o PR ERE A A

F,: Seed support force by posture limiting plate, f,: Friction between seed and posture limiting plate, F},: Seed support force by seed metering plate,
fo: Friction between seed and seed metering plate, F.: Contact force between seeds, F,: Contact force between orifice plug and seed, F;;: Seed support force by
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distance from seed to contact point with seed metering plate; Ad,: Centroidal distance from seed to contact point with orifice plug; a: Bottom angle of seed
protection plate.
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JEG T
Base lie 5 -> N\ ’
iR o
Side lie M a -> ” }%Ejigcﬁ
FZ

JE T 185 3.

-

W N €=
i

AR SRR
1

MK
Base stand F >
: JE T A S
Base tilt
0T 8 ST M.
Side stand F, 3 - nd
' 0 5
Side tilt

Fo: RUFUE AR T T ROHE ST, Foe M7 2Z BB EAR T, Fy: R 45 BRI
XTI 1, My: Fy PRI, My: F 5 F3 P2 05E.
F,: Thrust of the orifice plug on seed, F: Contact force between seeds,

Fj5: Seed supporting force by the inclined plane on seed protection plate, M,:
Torque generated by F,, M;: Torque generated by F, and Fj.

6 MTFHXBOMRENTRMEANTHIERRE

Fig. 6 Seed filling process and stable posture from region
@ to the filling orifice through side-filling
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a: FRAPALAL b: BULAMT c: b
a: Seed filling orifice b: Orifice plug c: Seed protection plate

o BAFUIERA IRFE A, Bo: RAALIAF IO A BE s Lo: BUALIRAIRFACE, Hop: ZAALIRAF RO 5 BE, b: RLALIRAT ISR EE, e: RLALIRAF IS0 A L, co: AL
FE IR M, W TR TR 00 s - ZUFLARARON T A 5, o 4P P BLRSTBA L, B: 3P R TOURT A B2, H: 4P R L5 U R P, L 3PP BEREFRAC L

ay: Bottom angle of orifice plug, f,: Top angle of orifice plug, Ly: Bottom length of orifice plug, Hj: Front height of orifice plug, b: Rear thickness of orifice
plug, ey: Rear angle of orifice plug, ¢,: Rear height of orifice plug, W: Top width of orifice plug, ¢: Side angle of orifice plug, a: Bottom angle of seed
protection plate, : Top angle of seed protection plate, H: Rear height of seed protection plate, L: Bottom length of seed protection plate.

E7 BIEGFPMENERSERT

Fig.7 Structural parameter design of orifice plug and seed protection plate
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RIEA I (14) K15 <49.77°. p AL E M 76 F
B B 78R R, T B XIS R B R, BRI, 25
HHIE, B p=45°,

700 B LI 2 ECUE B AR 35 78 N 3L FL P ) Fol
THAYUE, B 6 B s 18 7 455 e P
SRR T B FLIREFAE, X6 R FL A 1 5 30 R st 1) 45
MWBHGEAT AT

b P b R0 R R 7 5 78 B L S5 s
= (E 8) mT%n, 7o AL FL [F I 2 7N RSP A
SR RFT 2R, Z50H. Ly o RO 2 T

fmin € H< 1 max

< tan(180-f),

Wimax < L </l1min

0.5L 0.5L - (15)
wos — +H-

tanf tana
a <90°

A Winax AT 58 B B RABL £y i 9T F
TFIEBE R ME, tmax NPT R 5RE, [
N J b K B /ML

HE AR (15) 152] L F7EH 9.98~10.42 mm,

oz SR EHE A E, B AP RN L IO A B, H: 3P RS 00 v B, L 37
B TE, wo: BEURLFD 56, 112 PR JEE, wy: i PP 56

o: Bottom angle of seed protection plate, A: Top angle of seed protection
plate, H: Rear height of seed protection plate, L: Bottom length of seed

protection plate, wy: Round seed width, #: Flat seed thickness, wy: Flat seed
width.

8 RIHT (a) MERMT (b) SRMEILNENREE
Fig. 8 Structural diagram of seed filling orifices with flat
seed (a) and round seed(b)
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DL Bl A B, B SEG A2 T 3

0.5W1 min < W <0.5]] max »

(16)
K Wimin AT T FEBERIMEL 1y g /9T F0
TRERKE.
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I AR (16) 53] w HITEH A 3.81~6.41 mm.
W T W BUEE LS K, T $2 m e A B L A1
N, PSR, WA AR IR B AR
e 2.
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Centroid

! |
| | 1
1 | |
1 | 1
1 i
I '
— X
I
1 : [T : :
} : gl : I
! | entroid ! |
1 ! !
1 ! !
I |
=

W TS VOR8> o+ B FLAR AR O T A B wy = Jid P b T 96 1, /-
i PR .

W: Top width of orifice plug, ¢: Side angle of orifice plug, w: Flat seed
width, /;: Flat seed length.

9 REHFNEMG () FERERG (b) SFEMEFLA
SR ERE
Fig. 9 Structural diagram of seed filling orifices with flat seeds
in lateral oblique(a) and basal oblique(b) postures

2.4.4 RIIEHHFRSH  HF IR L TR
TERDL IR BRI RR 5 AN TAER BUR SRR, M
JEE IR FLAE 1, DA PR b i AR % i 4
A, BT B RS AR B . B LA
3R A A A S S Hn B 10 P

rys PRGN O E AT, g 3 OV E FERE, ke AR R AL A 1R 1Y
PR, i SRR PO 5L

r1: Radius at seed delivery port of seed guiding channel, ¢: Width of seed
delivery port, k: Distance between two adjacent orifices, i: Thickness at both
sides of seed guiding channel.

10 BPEHHESHREREY
Fig. 10 Parameters related to the quantity and distribution
of the orifice plugs
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o —2rj arcsin (ZL) > 2rj arcsin <2i>

2z r r
(17)

S, ) N PR OB AR, W WL
T B FE R B KA, R SR R

B i =3 mm, »,=95 mm, BRH#E (17) KRG z<
18.86, LR &5 )&, Hlz=18.
2.5 IPMEERRTLEWILIT

AR 78 2 o #r, SR MRS E S, M
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RN, S LUF B O 58 S Fi, B DA
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AR ) FEAR 25 M il B B LS R R PR
%, DA B/ B FR 2 H ). i 11 fors, 2
FLAE {200k 45 1) 9 AR S M I, 7 1 4 5005 1 3 T 4
F R SEIARAR o AR B P52 21 B FLA A 00 b 1) R
BE0 f1s BN RIS PR T 1R 77 o RRiGFR 752 3 2
FLAEAE XS Fh T B T f, RIS 322 E J) G AE A,
B 2 7= A D3 My, B G R F1E 15 My 4R~
VPR AR R, 8 B R H

TRE ¥
TR B A7 Reserved seed
Pre-reserved seed e i T

Radial mutation Cleared seed

s

SRGEUN

to be cleared

Srz BAFLAG (R0 08 B AT (K1 BRE 77, o2 B FLAGR A0 X A 3 i T (R R4
My fo 5 G5, G A T2 1.

f1: Frictional force of orifice plug on retained seed, f5: Frictional force of
orifice plug on the seed to be cleared, M,: Torque generated by f; and G, G:
Gravity on the seed.

B 11 REREHEETRST

Fig. 11 Analysis of seed cleaning assisted by radial mutation
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a: WA, b: HEBKC A, R: PR 42, p: BRI RALGLL, 0: 12
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a: Short axis of ellipse, b: Long axis of ellipse, R: Radius of seed protection
plate, p: Radial mutation width, #: Radial mutation starting angle.

12 FMEIMNEESH (a) FIRLZ (b) ®IT
Fig. 12 Design of contour parameters (a) and curve (b) of seed
protection plate
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3.1 HEERNENS

3.1 HEAFGRE N T ORI A R HE
PE, 7 ERBHER 38 A P T ) B 240 5 i
SR HERh#s 5 R0 1 B fl ) SCHE A ARS8
JiE o AR AT B EG AT 2R 7 007EAA B (0.4). B D)AR
& (1.37x10° Pa) A% (1197 kg-m™), B AR AITEFA
Et (0.5). BI UM R (1.77x10° Pa) FI%E & (1 180
kg m™), Fh7 (] RO P B AR AR R R AR B
JEHE ZH077 5108 0.18. 0.03 AT 0.01, 75 B i 8]
(R T 2 R A 5 R R R ORT B BE 1 R B0 7o
0.71. 0.46 #10.09.

3.1.2 ERMAFREAZES AHRT, DEM Jik
52T EDEM 2021 B4R o N T AL
FLSE, JREL HREL 9587 KRR R NN B,
£ EDEM R FH JUR S5 78 10 P 170 il BE 78 2 A
WK 13 fioR.

3.13 HABAZS A5+, DEM-MBD J5i%
3T EDEM 2021 5 RecurDyn 2023 #1F K 58
1. B 5ETE SolidWorks HHoKs S8 e 4 ) HEFh 25 — 4
PR LAY N x-t #5505 A\ RecurDyn, F|H RecurDyn
XFHLAES TN joint. force. contact S5 HZ 4. S8
BB SEUG, #IH RecurDyn A External SPI I BE A
PR i) EDEM % A HOR &4 L wall. X
FH. # RecurDyn AR H wall. XS A
EDEM ' Geometries fH  [¥] Import Geometry
from RecurDyn Jjf¢. SR )5 7E EDEM H & 37 itk T

L é& 6 @ o

LRt -
Seed model h w J J
TR ‘ [ =)
Filling model ===} [~==]
a: j(*ﬁ b: /J\*j C: j(ﬁqz d: /J‘)ﬁ:lﬂqz‘

a: Large round b: Small round c: Large flat d: Small flat

13 ET ‘HB8g 958" EARARHEBFFHIEFTIEE
Fig. 13 Filling models based on ‘Zhengdan 958’ corn
seeds with different types

AR R, R ) AE 1 s WAE AR AT ok
kLo A B 5E G TE32 5442 File 1] Export DJRE T
] Simulation Deck ‘F 4= 1 4™ input LA, )ik
Set Simulation Time H W& A 0 s. Z8J5FT I input
XA, B & Fixed Time Step A 1x10°° s, #itJa 1 JF
RecurDyn [f] Analysis ) He R 1) Dyn/Kin, % &
5 BB 1] R 20 s step 4 1000 HEATHE A1 H .

N TR Ff - HE R (R] (AD R, 7 95 R AR 1 B
W £E2s, i EDEM J& AbEE T ag s o s il 28, 1c
SRR B T R (A1 R, Wil 14 fros . SRR
(k525 /A HLIR LS )7 )(GB/T 6973—2005)24, HE
Folv BsF 5] 6] B 76 0.5~1.5 A% FE A& B 8] 10 B 140 S 5 4
KT 1.5 IR I 18] 18] B (9 0 3% /T 0.5 f5 3
T I [ (8] B 00 s 4 o AR THE, SRR R EE N
25 em. TEMVIEFE A 12 km/h B, BRI HEF A a] 8] b
9°0.075 s, PR Y HERR NS R AT B 7N T 0.039 s B A
HIE, 7£ 0.039~0.113 s Z A I NEH, KT 0.113 s
SOFSMTET R

1: P T A TSR, 20 HEABRARAY, 30 LA 8%, 4: W 2%, 50 WUAE RS N A
T,

1: Seed filling model, 2: Seed metering device model, 3: Collector,
4: Monitor, 5: Seed mass in the collector.

14 Hi#2% EDEM fAL3E
Fig. 14 EDEM post-processing for seed metering device
32 SEMHMERR
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BRI ERR, BL 251 Kot 50y 1 41, Jd s L HERR i [A]
(1R, 3k 250 N [a] 8] Bs, R4Luie E R 3 K, BeP
PME; SRR A O

Yi =%><100%

ny
v2 =2 x100% (18)
Y; = %x 100%

A, ny J9HEFRIS (8] (B8] B E 0.5~1.5 £ B0 I [] A]
B R HERNES, oy 9 HERRISHTE] [R) B KT 1.5 f BB
(1) [ B8 B A, g 9 FERR IR 18] [B] B /N T 0.5 A5 2R
TR [ [B] R P HERR R, NV OB HERI AL

322 RKEFE IR FE LG S HOS HE R
S0 B BRAR 2 B, aE BOEE PR & I BUE TS L
3.81~6.41 mm. H N 4.17~5.86 mm. a A 76.02°~
90.00°. #toxf FiR B R =TT =R & K- ik
IEAT Jie % [ A H AR50, RS ID R WE 2 Fis.

323 RKBLR554 HT EDEM Fl RecurDyn
7 A — R AE AT e % [a] 5 4 ke A k6 T
55K WE 3 i, FIH Design-expert 13 84
X IR 5 R BEAT 1A 73 B, e PR 2 g 4R AR 1
TEVE LR 4.

2 HEFAIGE R AKE

Table 2 Factors and levels of seed metering experiment

K K1 Z&" Factor
Level X;/mm Xo/mm X5/(°)
1.682 6.41 5.86 90.00
1 5.88 5.52 87.17
0 5.11 5.02 83.01
-1 4.34 4.52 78.85
—1.682 3.81 4.17 76.02

1) Xy UG TR AR LE, Xo: P AP UG & L, X P AF
JRAR A
1) X;: Top width of orifice plug, X,: Rear height of seed

protection plate, X3: Bottom angle of seed protection plate.

®3 HMRE A RRER

Table 3 Design and result of seed metering experiment

%" Factor

PEMFEH5 Evaluation index

- aRTREY MR WHRRED%
Test number X/mm Xo/mm X5/(°) ) i i .
Qualified index Replay index Leakage index
1 -1 -1 -1 91.47 2.28 6.25
2 1 -1 -1 86.46 8.71 4.83
3 -1 1 -1 92.16 4.14 3.70
4 1 1 -1 85.48 12.06 2.46
5 -1 -1 1 88.73 8.45 2.82
6 1 -1 1 82.74 15.11 2.15
7 -1 1 1 83.27 15.41 1.32
8 1 1 1 78.56 20.21 1.23
9 —1.682 0 0 91.95 3.85 4.20
10 1.682 0 0 82.43 16.03 1.54
11 0 —1.682 0 86.26 8.48 5.26
12 0 1.682 0 82.58 15.63 1.79
13 0 0 —1.682 91.21 3.83 4.96
14 0 0 1.682 82.12 16.23 1.65
15 0 0 0 91.92 6.25 1.83
16 0 0 0 90.61 6.77 2.62
17 0 0 0 89.54 7.96 2.50
18 0 0 0 90.24 7.58 2.18
19 0 0 0 90.16 7.91 1.93
20 0 0 0 91.39 6.93 1.68
21 0 0 0 90.29 7.60 2.11
22 0 0 0 91.57 6.57 1.86
23 0 0 0 90.18 8.01 1.81

1) X: B ALIEF TR T, Xy 37 A BUE M B L, X AP A BRAR A
1) X;: Top width of orifice plug, X,: Rear height of seed protection plate, X3: Bottom angle of seed protection plate.
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WRAEL 4 IR, SARIRE IR H D LR AR
TEH (AR 2 9B 2 2 (P<0.01), SRALIIAS
B3 (P>0.05), &8 [al B 90L& RE FE B vy, HL
R R? $K T 0.92, RUIBEA T LRV F b
T 92% KA . X T AR FEEUE AR, X, X,

X XX X2 X7 T X2 B B8, HARTUY AR S
0T BEIBTR RN AT, X X X XX XS
X)) X5 BN, HART AR W TR
TR AL, X\ X X5 X2 AT X2 B o B
XX XD NRE, HRTIIAE .

*4 REFESN

Table 4 Variance analysis of model

T 23k e E %485 Qualified index H I Replay index IR %55 Leakage index

Variation source  S§ DF F P SS DF F P SS DF F P’
B Model 36336 9 8125 <0.0001** 50241 9 125.11 <0.0001** 42,65 9  37.14 <0.0001%*
X 107.98 1 21729 <0.0001** 156.93 1 35170 <0.0001** 456 1 3576 <0.0001%**
X, 19.03 1 3829 <0.0001** 6284 1 140.83 <0.0001** 1271 1  99.64 <0.000 1%**
X; 10329 1 207.85 <0.0001** 20448 1 45826 <0.0001** 17.11 1 134.12 <0.0001%**
XX 002 1 0.04 0.8479 002 1 0.04 0.8478 007 1 0.57 0.4653
XX 012 1 025 0.6278 1.04 1 234 0.1501 045 1 3.54  0.0826
XX 1093 1 21.99 0.0004** 587 1 13.14 0.0031** 078 1 6.12  0.0279*
X 2154 1 4335 <0.0001** 1347 1  30.18 0.0001** 094 1 740 0.0175%
X' 73.02 1 146.94 <0.0001** 4423 1  99.12 <0.0001** 359 1 2813 0.0001%*
X3 2896 1 5827 <0.0001** 1441 1 3230 <0.0001** 251 1  19.68 0.0007**

5% % Residual 6.46 13 580 13 1.66 13

KA Lack of fit 146 5 0.47  0.7909 227 5 1.03  0.4618 082 5 1.56 02751

% Z Error 500 8 353 8 084 8

S A Total 369.82 22 50821 22 4430 22

1) **: P<0.01, *: P<0.05.

I EVEp YR A DR NTE SN E S e A
PR FR bR 5 1R58 R 2= 1) R mE TR
Y1 =90.65—-2.81X; — 1.18X, — 2.75X3—
1.17X,X3 — 1.16X7 —2.14X5 — 1.35X3
Yy =7.29+3.39X) +2.15X, + 3.87X3+
0.86X>X3 +0.92X7 + 1.67X3 +0.95X3
Y3 = 2.06—0.58X] —0.96X, — 1.12X3+
0.31X,X3 +0.24X7 +0.48X5 + 0.40X3

N TR FT RS R 20 & AR bR S, g A 0
Tk A v 5 ) 2 B ) A A 5 B R U R 1) SRR, R
F Design expert 13 #0422 il i 46 K 25 22 BAF 1)
W [82 A 7T, AP 15 BT o

M2 4 A& 15a 775N, 4P A0 0 v S 40 A
B A B A ELI X, X X 4 48 250 52 1) % S
F o AL IO 98 — 2 I, BEE PP A A
11 FE ARG M A S5 00 PR 3 O, o3 N AR Rl AR AL
(R HE BE N, A R T M5 B e 48, B DAE A& HR £y

(19)
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TR N SRR B LR B, BT DA AR TR O
NI Gy SR N =1 A

HHEE 4 FOE 15b RT %N, 4 o O s FE 5 40 b
E TR A8 B A2 ELI0 XX Xof 5 9% 4 K1 5 i A
o R FL AR TV T B — e I, Bl R AR
£ R A R A S I v B S OR, T b Y LR T A
Ko B 5 KA 2 KA1 [F I kN 78 Fi B4 AL i) A
AN B R F B 43 K

H 3 4 FOIE 15c AT %0, 3R s B 5 4
TR A R B A LI XX 0k I R ER 52 i
F o T LA R IO U8 FE — s I, BEE 3P AR
£ P R B TS I v DS, 7 i 2R L T
N, Tl HE N FO R B LA R A 0, T B0 i T
HRFELI R

A EZHE A A TE AR b A T ) e R Y
LGRS EA S, UEEiREm K. Bl STk
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Fig. 15 Response surface of influence of interaction between factors on performance of seed metering device
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Fig. 16 Relationship between the resultant force on four
types of seeds and the working speed
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1: #4455, 2: MeterMax ultra PERERTIAS, 3: HEFN 2%, 4. G Al iR,
5: AR, 6: WUEERY, 7: AR RTLEERD, 8: 21 RAL, 9: 7 Fh AL, 10: Hifh
FEAHC, 11: HEFPAE, 12: W BiAl .

1: Console, 2: MeterMax ultra performance detector, 3: Seed metering
device, 4: Photoelectric sensor, 5: Transformer, 6: Collector, 7: Seed filling
orifice assembly, 8: Radial mutation, 9: Seed protection plate, 10: Seed
metering plate assembly, 11: Seed metering plate, 12: Slide groove.
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Fig. 17 Test bench of seed metering device
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Table 5 Results of working speed adaptability
test %

(%7953 Erkgtas EREE MR
Working speed v/(km-h™) Qualified Replay Leakage
) index index index
ik 8 92.44 437 3.19
Low 9 93.05 421 2.74
10 92.53 4.65 2.82
L 11 92.09 4.90 3.01
Moderate 12 91.45 5.05 3.50
13 91.52 5.17 3.31
= 14 91.04 5.52 3.44
High 15 90.11 6.26 3.63
16 90.57 6.01 3.42
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Table 6 Results of comparative test on the performance of seed planter %
FH B /(kmh ™) ARETRE HEFEH SEHE RV EES

Type Working speed  Qualified index Replay index Leakage index Breakage rate
B PR 3 5] 0 78 sCHER A% 8 92.44 4.37 3.19 0.13
Double-row seed metering device with guided 10 92.53 4.65 2.82 0.19
side-filling and posture control 12 91.45 5.05 3.50 0.25
14 91.04 5.52 3.44 0.29
16 90.57 6.01 3.42 0.36
ArkesCHERr AR 8 90.34 6.65 3.01 0.16
Spoon-wheel seed metering device 10 88.12 7.05 4.83 0.25
12 84.53 8.67 6.80 0.33
14 81.58 10.33 8.09 0.41

16

78.91 11.06 10.03 0.57
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