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Design and Experiment of High-speed Mechanical Centrifugal
Centralized Seed Metering Device for Rapeseed

LIAO Qingxi'? SHEN Wenhui'? WANG Lei'?> HUO Jiaqi'® LUO Zhancheng'® LIAO Yitao'"
(1. College of Engineering, Huazhong Agriculiural University, Wuhan 430070, China
2. Key Laboratory of Agricultural Equipment in Mid-lower Yangtze River,
Ministry of Agriculture and Rural Affairs, Wuhan 430070, China)

Abstract.: Considering the practical problems that the inadequate seed supply and discharge capacity at
high speed operations in the existing mechanical centrifugal metering device for rapeseed which led to
mismatch between the amount of seed row and the operation speed, and poor seed row performance, a
type of metering device with passive seed filling and “round hole + gradient hole column” combined type
holes for seed discharge was designed. The mechanical model of seed supply and discharge process was
constructed and the key structural parameters affecting seed discharge performance were analyzed and
determined. The experiment on the influence of the seed supply adjustable height on the adjustment range
of the seed supply rate was simulated by using EDEM discrete element simulation software, which
revealed the seed supply rate was adjustable in the range of 64. 95 ~357. 54 g/min when the seed supply
adjustable height was in the range of 3 ~8 mm. The influence of the hem height and inclination angle of
the seed limiting sleeve on the initial seed quantity, critical speed and the maximum height of the annular
seed layer was analyzed by using two factors and three levels orthogonal test. The optimum structural
parameters of seed limiting sleeve were determined by bench test. Combined with high-speed
photography, the relationship between the rotating speed of the moving cone and the seed metering
amount under five kinds of hole structures was compared, and the optimal hole structure was determined
as “round hole + gradient hole column” combined type holes. The bench verification test results of the

metering performance of the metering device with better parameter combination at different rotating speeds
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showed that when the speed of the metering device was 115 ~ 205 r/min, the seeding amount rate was

60. 96 ~355.76 g/min, the apiece row consistency variation coefficient was less than 5.2% , the single

row stability variation coefficient was less than 1. 3% , and the damage rate was less than 0. 5% ,

which

can meet the working speed of 6 ~ 12 km/h. The field experiment showed that when the planting speed

was 7. 89 km/h and 11. 98 km/h, the apiece row plant distribution consistency of rapeseed was less than

11% , and the planting density was 43 ~ 58 plants/m’, which could meet the seeding performance

requirements of rapeseed.

Key words: rape; high speed mechanical centrifugal centralized seed metering device; hole structure;

discrete element simulation

0 3|

T S T TR S A I 4 R T K
THURHE Y, 76 ORI R g R 2022 4R 3R
T SEHUALSE T K AL 42.29% o BEHE A K 55 50
TR FBARAR & S E R/ LA A B B
T 3 3 T 25 5 B 70 v A B R A s il S
W gk R EERAZ 7 FFRBR S
o AT 3 17 A T AR B 7 oK A HE R R L B
Sy HER 2% S e T B 7 0 s oA HE A R
HeApAd FE 7] 51 R B RANSE AR ) 2B T
R EAE R E R Z 1.6 ~ 6 km/h, X
DA 2 A P B s e A A% R R R

Shy DG L 2 A b VAL, ) PN AR 2 2 T Sk e
BIFETRAMS .. fEE Amazone /3 H DEX K Jj
A HEIE A LR L 3 0] 35 15 km/h, R T IE R
VR TR 48 PP PP 8 R S 3 0 R AR R, TR R B T 5k
9m'" ; YATSKUL 2" %} Kuhn 5 S 2% 203 Fh bl
SYBLE B AT, R IE T WA R K HE
Fh 0 35 ZEXT HERP M RE 2 i 5 SCHR[ 12 — 14 133t T
— 3 T3 P L B A YR AR R OO AL T A R R
B KB WUR A BOE B e T AR R S
H0ih 22 e R 3% 42 HE 28 HE R M RE IG5 2
VN IR R WY 55 2 W 0 1 dys T W 0 7 3 D
FofJ22 B30 e KPR SR A7 T B MR e T g A A s
PR S P 2 1) ) A 5 0 s A 41T SR LA o 455 ot
BB HERR 0O S5 R A SR, A R R OK A%
VA 25 PFF Al Fh 29 59 1 5 6 A 217 5 o L
ORI 1 0 b AL 2 A T B2 A R PR R
A I ) o P R 5 o e 10 0 A ) — o ML 3 e
ZMEFD  Bezier il e 40 Fl (1) i =2 45 HERS , T S BH G
By o HERp o IR BIF 5T 26 B, N T R o 49 B 1 HE b
K2 AR T HERD 2, DL HE R 25 76 = 1R
T AR 2y B A R R R 2 A 1) LR ) HE 2 g
XiF T RO AR AR 0y 2 3 o AL 2 A Al B 7 Aok ST B
EH TR EE ., T SER TR, WS
A0, 7 5 B T WL A B 7 R 4 4 4 o i S A

il

T B, R R T AR GE AU O AU R
(TN (S AR IR (oA E PR 2 V¢ o (e A (4
Ao o Rl A ML 45 A X 3l R Ao AR A R AR
RS, LD GG Ah T 3 A K (T L5 ) FR o S HE Ao
RE T AN AL, D0 1 A2 i 3 1 28 b o oK, i 2 T BILBR
ED SRR AR

S SCHE T il SR T MU IR R S e D BEK
Bt —Fh— A%\ AT 1T S LR 0 U R AR
K gl AR R AL+ e LA A S U L%
i, BT EDEM {jj L kA7 HE B PR BE 5 22046, 8 5T
IR ol 2 {5 235 A 0 B sk 0 R o i 4R 2 LA AT — B AR
S FR BRI 38 14 52 Wi, 285 5 vy 145 5 A 1Y
T FL 25 A, 30 5k T T 6 6 HE Ao 5 1 B, LAY A i
AU HE 28 45 H ek P2 Bt 2 %5

1 BEEHMEITELRE

1.1 B4

T2 g AL 2O SRR ML IR S Ky 1 1
N, EE U P R e R T IR AR
BRI HE A ke AR BT 08 g AR AR %
BLAE — YAk 58 BUBERF KT s IE 46 A T i 9 4
LA IR

10 9 8 7

K1 R pLas iR 2K
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Fig.3 Schematic of seed filling process
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Fig.4 Schematics of rapeseed movement and forces
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Fig.5 Schematic of stationary equilibrium phase

BT PR A TR S A AT 32 00 0 A, R il
SEMAE AL T T AR S R Rl 20 30 o AN 8] 6a TR
KI5 S R S SR = R R B s Il [T D P25
I AAFEIZR o ORI W H 3 s B 23 B Z 1 32 )
o0, K FLfRT Ao 3 A R B, AR YR 3 A i B
AT 170 e i 6b o, D kRS B )= a] g
BB AT

e ] (b) {845 52 T3 00T
6 AT By B AN 52 T3 a0
Fig.6 Force analysis of stationary equilibrium phase
X B 72 ) A7 8
m,g =2F,
wdy(H + H,)
0= 4

(4)

m,g =vyV,
K m,—— B2 SR T & kg



158 g BLoB ¥ R 2024 4
V,—H B 2 i S A R B, mm® m,gsing — F ;sinf =0
dy—IRFERH L AR, mm F,, — Fy,cos0 —m,gcosy =0 6)
e L - LS a Smaro (

J1,N 9=90°—y +¢

y— R FhF A E,N/m’

X e ]2 AR AT ST S LA AR RR R 20,

T Bl HE AR TR 1) R Sy oo, Bl IE D5 ), 3 BT RE A1) L
Ny BIETT A Z 1 AT 7 R

B 7 hiEZEZ 5B

Fig.7 Force analysis of middle layer
Xt A )2 2R AT %2 e p, Al A
(m,g +F, )sina - F, - F,;singp =0
Fy,-(m,g+F, )cosa—Fycosdp =0

( ) lsina — h,

te =

an{a+¢ lcosa —dy/2 = h,;/tan(180° - B)
Fp=pFy,

Fy=F,

(5)
X my——h A=l SRR T R ke
F o, — i B 20 [ Z SRl 1 iR 7, N
Foy—— A2 2SR 1 09/ 0 N
F,——HE QR XHM A0 1 (41 S B T7 N
Fyy—HE B R R 2R T 1 SR, N

h—— B RN 6 T2, mm
B— R R TS FREsk i, (%)

d—IHEFIRES 20 R e B BRI AR, (°)

XS AR 2 AT 00T S A AR AR B w05y, , U

Hh 8] J2 55 7Bl 2 2 A T8 518D 1) R O il IR T 1A

Hh ) J2 XA 2 A T 07 180 8y, B IE D5 1, 32 14
Hrianp 8 fros .

,,,,,,, AV 1NN
m.g \'\_: \
Pl 8 f76it ) 52 1 oy B

Fig.8 Force analysis of storage layer

X782 BEAT 32 100 W, T A%

X m,—— A2 ST T PR ke

Foy—— P2 XA R SR T 09/ 0 N

Fyy—— Sl HE A BE XA i85 )22 10 SR N

y—— Mol 10 5K A, ()

O——h HE AN BE X 7748 V2= S 1 5 0, Bl e

i, (%)
oI HEMRMINBE 55 K- T e A1, (°)
B HEAS AL B, v 8] J2 R A 2 B0 il S Rl

TR B0 7 SR A T U 1) DY R 2 T ok A
w0 o A Sy Hp )R A G R AR R LR
X (4) ~(6)TfF

o= +m. = ﬁmz +7Md0(H+Ho)
e P T2(2 —p) cosd 2g(1 -w)
(7)
Hop dytanB —2h tanf —2h,
¢ = arctan
(221 -2h, —d, ) tanB +2h,
90° <B <180 - « (8)

%D” tana < h, < %D” tano

H 3 (7) AT, 2 HEAR 20 46 Bl i m, 5 o (a] 2
ORI e A, M (8) ArH, e 2 RS 4
M RER IS & HBRFPE R T 1R B b, R
ERETES LR M B A K. MERE b B R
i B HR, WIBR B m M2 SRR AP T 254 2 8
JE R HERD SRS E MR RN R Z — o AR AR A
b T 5 UM T v, BB B 13 R I A R N
175 P E G I, 25 18 2 5 3 AT Sl HE R Y A 46 Rl
g AR TR AL S AR AL, T AR A B /R
fH 90°,

2.1.3 FuEMabr

SRR LR S5, S HE R P Tl SRR R 9 51
W EATRE , ShHER P9 C A7 7 1 BhORE 7R 8.0 0 25 0 A
PR BT o0 Ff e 5 1 Sl HE VR PN BE 2 3 1R BT HE
BT BBl 2 BT P9 A 3 S b - 4R 25 1l R IR Bl 28 R
b5 ] 55 20 Ff e 65 18] B E A S HEAS, A 1ET 9 s

52 BRAR R A RS2 HE A AR RV 5 HE R R £R
F—2o B H AR A A 202K ) HE Rl <l

vBQ
0 (9)

AP Z— M HLHERN 2R, g/ min
FEFIHLAE L B B 6 ~ 12 km/h
B——3E R HLAE L I8 %, B 2.3 m

7 =

v



TH 3

%73 BIRE %

BB S 0 AR HERR B 1 5 156 159

_,,Z,,

%IIIIIIII/A

K9 fEftg b Bon B R
Fig.9 Schematic of supply stabilization phase
Q— &M HLEE R kg/hm’
R Al B VT T U R T S DX SRR A A K 5
AL AR R 3 ~ 7.5 kg/hm” {0 A (9) 7] 44
TS HERF %l 65. 99 ~365. 52 g/min,
T R RO 5~ DKL 30 5 RS
PRFL T Hh 26 e 4 A% T Rl 45 ke
K10 Frzi, DR okt vt S i o o B oA

3

i 1 z
0, =Ky, [2¢/(Cmy) 1 (5-70%)
2md’
C=mD,d, -f; "
(10)
S _327wDyd, -3D,d; +2d;
B 8
V2
d.="Th,
2
Hrp SquDO
4 (11)
d,=z2 mm

KX K——JiE B IEREHL0. 648 ~1.00
S——FL 1 AL, mm®
C—FLOH K, mm
m—— MR T L g
o, — A F B HAAZ,H 2 mm
v,—— SRR T4 L L 362. 41 ¢/L
Q,— M= Fr Fifi &, g/min

d,——RFE R 550 e 5 [ B, mm
h,——BERR I 15 &, mm
D2

P10 £ HE8% STRN 45 Al R R 2

Fig. 10 Schematic of structural dimensions

3 (10) AF 0, 58 2o K P L H S AL H OB
RORSASC . Bk, Hy BRI E A 2l 4 1A 1) Fp
i 5 O B R IE L, B RR RS 1 S 4 Rl
(BB d, B 0E bE o A ol ¥l 33 b = TR 38 o, (L b ) Bt
d N R TIMSEFh - ELAR 5 S 52 A A [0 i ) it o it
A AL R K AN,/ T RR A E R N A A,
A (1), ZEA(10) ((11), /4%

2.83 mm<h,<8.23 mm (12)

Ay (12) Ap T, HERRE 45 R B A, 2,83 ~8.23 mm,
B ol 2 L ity 5 0 1 L Ry MR SC S A, 1T A o B
R e A S B A A B G A R B R R T T 4 A
HERREBR o, . W] 38 55 EDEM {j5 B4 & A 7] BR A &
ARG = B b, R R AEF i Q.

2.2 #HEERSH
2.2.1  ARFP R R AL A0 AT

P AT 0T A9F 5% AT, L 4 F B T 7R AL A R
Tl AR B MR T RN ) TR m
A, BT 52 0 39 FRAE IS Fh 7 0 5 5 sh Ik
P2 fioh— B Bsf (] J 1) 9l = b1 B A 5 3 A A [R] 14 [l
B TR T SN AR AL R DR s ASUBE T AR R
oAt 7 7 /0, R b 22w s A5 BE T % T 258 Bl 11
AL

SEHEAR AN B Bew i RS i 11 iR, 5 h
A e % Eh SRR A B4 ) AN B0 T A R )
BRI I AR B A

************ Y

r I
€ |

) |
I

|
I f
il

BTL B I B 4R A

Fig. 11

EHC 1 kLS AR A ISR T AT 2 10T,
WE 12 BTN, Sl =R/ 7 o 1 2F 5 i

%mgv2 +F, (H, —hy)coso —~G(H, —h,) —F;s=0

Schematic of initial state of seeding stage

v =or,

F, = rngreoz)2
G,=m,g

F, =F sing + Gcosp
Fr=p,Fy

o =27wn/60

Gsing + F, = F cosp

(13)
X F——R 2 B B0 01 N



160 £~k

IR

2024 4

P12 SRl AE S A B2 00 A R TR
Fig. 12 Schematic analysis of force on moving cone
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F o —— Sl HER AU BE X il 32 19 52 ) 7, N
F, B A AN BE X V1T S ) EE 45 ), N
e, — Sl A R i T R 4 R 45, B 0. 39
H,—— =+ 25K i K& B, mm
b — 1P AR S R I S B KR S, mm
B HEREL B f B rad /s
S HEAR S, 1/ min
m,—— W] a5
AN T RHE T W B ES , mm
TR SR S0 HE A P 3 32 R0 R Y [m]
Bl 42 mm
HEFP b 25

H, -H =0 (14)
e (13) . (14) W15

4w, g
gty e
n=30 L (15)
2 2 2
+r i

1
[um—mﬂ :

w

n

S

re

W = m,mwnr,
15 (2, sing + cosg)

1 X C1S) R, 2l HE AR 0 4 b J2 R iy, 1D
G TR VNP N B L R B = ) NI A I 2 N U
NI LA 5 3 Pir 5 1) i AR e 3 m /N o ko
BRIl S T 7 B R BE Ry T R 4 30T Bl o A A
LRI, A b7 MY L AR P AR T 5 2 B A A
4 98. 53 v/min, PN AR HE &R fe /M i BB 0 R T
45F 98.53 r/min, W (16) AJ A, FARFNZ B K&
B H, 5 SR n FIR) LG D i m, 52 IR A OG .

JI5E 128 Sl A - 20 i SR A A AOREAE T O LA
KBGO EE S8 gl Bl b0 B Bl [F] 5 B
ARBLSL T N BE 1) B RS Bl o HOCERAR TR Z rp ) 1 OKE il
FORZS (FEHRE— I 20 R 38 2 32 T AR 3E) #h 54
WEFERS R HEAT 32 03 20, LAz im 5ol =2 # 7 2h ob
O, KT [0 1) A7 2, b 1E D5 1), 3 3 707 () ) L
Ny AR TS ) A 13 s o XS ] — R
SN B B e PG, 2 B R L )
N L 5 N B O - e a2 P U & <

+h, (16)

w07 1) BB IR 3 F, R AR e R £
Iy FRSE W v, 7 1 5 E 7 AR T T )
FRF 7 RIRER 1 (S8 ) F o S
AT VR SR TN 00 Wy B
TE 7 16 J% v, i 497 ) 4K 4 A 0 30 8 3 L g
R WM AT B % S 0, 51 3K B 79 7, B B 2B 18 F 7%
150 0 L 3 A ) BT S I R 3
ERTEY CIE R

¥

VAP, 9:0.0:0:04
=

V.2

13 FRMRFIZ AL S Fh 532 1 70 A 7 7 A
Fig. 13 Schematic of force analysis of rapeseed at

annular seed layer

PRARB0JZ w8 B H 2 Bl 5 S0 0 189 Jonn g A 0
[ = B R = R M VR I = 1 L (S N
B HE A% B AL v B2 AT AR 45 BR AR 2 5 R BE Ry, T
FE YL 8 Ao i S TS W R, DL DR SN
[Fi) iy 22 38 R 49 AL 75 5K
2.2.2 WISLEM BT

R 35 RIAT B HE g HE AR ) I OR TR 2R HE 2R 7R
AR AL 25 1 T AT IR R A AR A AR HE e R R
SR BT S MRLALES R, s 14 s o b
FEAL, RFL AR O 3.8 mm [N R FLICEE 2 L S
FhARLALEE A 0 0 2 . 1 AR 46 HE 3.8 mm, Il SN 55 0E
3.8mm, MM 3.8 mm fL +3.8 mm fLAFEHEG, VNl
3.8 mm fl + (3.8 +2) mm WAALLAH G, VH3 0~
3.8 mm #ARLEE

—0 000 O (¢
00000

O O O
onmimvyv

K14 5 RO [ B L2544

Fig. 14  Five different types of hole structures
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iR R AR A SRS T AR B M ml g, 52
Wi B HE 2 B0 1 BE 2 B0 FRFPE AT T S 5 2 A, L BR
FER T 20MA B LA SR & Ao R
EDEM {5 573 H7 f5URL HE BRI 2l 2o 7, A5 400 {2k
BN AR BORL Y 1 FE AR I 23 A b B iz sh LA 1R
FEA ) BR b 2 ] 45 40 S 802 5 T ShHEAR I w0t ik
T S5 1) A8 AR 50, DA S AR R R R X R
AR A B
3.1 {FEEEET

iz 1] Solidworks 2 A [\ 5 14 2 ¥ 20 & (1 4R 4
58 HERUR  IE B0 A EDEM 2020 347 0 20, i
EARSEINE 1 Fros . SRR 7B AR 4 62,
FOEAR D 2 mm, (T30S Bl A AE 2 BOR B ] JL P
0 TR BF T 45 DR 3R R A5 B R 2 DR RL 2 1) 255k
FH Hertz — Mindlin( no slip ) 22 fil J7 28U

1 HESEHSH

Tab.1 Parameters of simulation and contact

I F ZH Ve

B/ (kgom ) 1 060

=g NER =4 0.25
B YIRiit/Pa 1.1 x107

BERE/ (kgom ) 1 060

TFEIE ABS bEL /N A 0.394
YR fL/Pa 8.96 x 10°

HRE/ (kgem ) 2700

iRy TATA L 0.3
By Yt/ Pa 2.7 x10"

il 43 R 52 3R 8K 0.28

PSRl B i 4 R B 0.57

o) R 4 A R 0.01

il 13 W S R 0.36

MR- TR ABS i EE 452 R 4L 0. 49

B JEE 5 R B 0. 04

il 18 Wk 52 R B 0.6

WA T A 4 T EE 45 DR B 0.3

) JEE 5 TR B 0.01

3.2 SHERHMIEEEM

iz i} EDEM W} 58 Fh 13z gl i B2, ZEFh AR b 05 %
EWORL T R T A v R 2 BR A E V% 2 S
TR BB T A R R 2 x 107k, % B R AR G
WA s, B 25 KB E S 6. 72 x 10 s, Bl e IR T
5510 BRI 5E 2, i 2. 2. 1 1 AT, S AR5 din =
98. 53 v/min, [H 1 % B ¥ 1R % 3 K 100 r/min, fif #
B2 1256 rad/s™, [ FUEIRHKC R 30 s 45 FLB B A
LR — B LS54 . 05 B4 5 , 7 EDEM J5 &b
BEGEHAE 2 — R R R SR R OB, S8 R

284889, Hiz gl i & 15 Fis .

B 15 3R Tk 284889 iz Lk
Fig. 15 Trajectory of seed No. 284889

HY 11 15 AT, 35 28 50 Fh B B, bR AE B AR
TR T v R R HERR T HE S S IRAE
Z 0] 510 s J5 HEFP & LAT R EE 100 v/ min £E5]fin 3 (5]
JE38 Bl , RV 4 R P9 RE BZUE - T O B S Bh #E A Y
B TEFP AT )T U BAOLR U LG PN R i A | A 3 R AL
HB T ESPRF R R BE NG, S 0 Y AL T RO e B R
R AN I B G AL B A AR P 0 ) S
BEVEF 13 VEF R th BUFLE A SRS, B R HE

2. 2. 1 5 ], 4 HE 2 8 AL 25 4 ROSE 5 300tk
FlZ B RE H, A 5%, N UEOR A 2 & B oh e R F
O R 8 7R AN R 7 T SR T2 g K 4y
A O, FE e fy B g . PR 25 63 3 5 B2 10 mm |
AR V1SR, A2 HE AR P9 Rl 2 Bl % S b o FE
K16 FiR .

4.36x10~
6.54x107
8.71x107°

1.09x10® 1.10x10®

(a) #3534 105 r/min (b) %%5%135 r/min

1.07x1078
1.42x107®
1.78x1073

(¢) $3# 165 r/min
Kl 16 NIl ol T il S 73z 3l 1% il

Fig. 16  Simulation model and process
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JEE WEARR , IS i ey Ak 3l 56 Aol 1 B €5 3 78 O i € o
Wb e R PR AR ol 22 o B2 5 e T % 3l S A 0 e ol i
IEARSG, 5B Hr— 2.
3.3 RFER X R

1 2. 1.2 9 R R ] 25 4 R ok 5 Bl i
PR 200 0 ol 20 T 52 W 21 HIE 45 i AL B o R B AR ol
JE R o I BEE 23 B K i 3 3 46 A 2 5 )
Fih S PR R R H I ¥ ) - R R 5 0T o JEE A O
5 ~25 mm, [RFFEF F A B O 100° ~130°, K
56 v BRF S £ T S e B 33 10,1520 mm, BRFH 25 ]
BB BN 115°,120° 125° il i 05 HIL 5 15 5
A Tr) FR A 67 s g B2 L SR 40 A S K4l A SRR
LR IRGRL TN R AR LW SN S NS S (2
EDEM J5 4b 2 7 1 i 7 Selection Group ) BE %S N
Geometry Bin 2318 X 1, &5 10 #hah 4/ A
YRR B 7 B BRI, TE Sk S HE R SR O IR B A B T
HE 0 I A7 B ) 3 S O I gl o AR B i, OF i i
Ruler Jy R & Fft /2 5 e A0 k7L 21 8 #E R b 321 35 19
e FIE R, M4 TS 3 RIBCFEE, 45 R I3k 2,

R2 RAE R X AR R0
Tab.2 Influence of seed-limiting sleeves on seed

supply performance

RAEET R o WREE SRR
mEE gm0 on/  ROKEIE
h;/mm B/(°) ™8 (remin~")  Hppe/mm

10 115 86. 05 103 24.18
10 120 79. 46 107 21.95
10 125 70. 12 112 19.22
15 115 64.75 115 18. 49
15 120 60. 31 118 17. 31
15 125 55.69 120 16.07
20 115 50. 46 122 14. 88
20 120 47.03 125 13.37
20 125 35.34 127 12. 14

MR 2 AT, M IRARE G T 42 B A A RIS,
A BB/, B HE T N ) IR R i om B I S
B ng BN FRRFNZ B R B M, 8RR R
Al 3k 24. 18 mm; M FRAE T2 WA g AHE I, T
PR b, Sl HE T8 N WG AR m B D Il B
B ong SR FRRFNZE e RS B H, B0 BN
H12. 14 mm, 9 A SECH G, i d I A
/N~ 103 r/min,

3.4 HAMATEEXNHMERNEZ

R AJAT A T R A 9 5 v 2R A A HE A L R A
RST o i HE 5 e 3 X f B R A0 52 me KL, T
EDEM fjj B . 38 2o 157 38 B 20 #r , A 3 5 05
JE092.83 ~8.23 mm, BN R T 3.3 5 Kl
b B B B/ i S L B 103 v/ min g, AR Ao 8 5 5 B2

B 3.4.5.6.7.8mm6 NKNE,H#E 110,130 150,
170 r/min 4 47K, B8 Rl 74 R O 2 x 10°
VA s I S ' 1 B A I < 185 2 s e S
6.72 x 10 s ELA B KO 25 s, ShFh4fE &5 T4 5
BIF R leds , TAE SR R 20 s, (F B4R 10 s )5,
T iz B AT E , I I 46 g8 3 28 1R 8] B o, 0
A B HE A P 9 S o £ o

FH L 17 AT 2 A8 Ak o AR TR 0 A W] I 5
me, R 5T B b B OK HE R MR R A R, H
TRE R AR 0. 981, Ak, A 38 Jxb 9] 77 1k Fofr 9 5 =g
h PR 22 Q HEAT G R o H A5 R AT, v AL
PR 2 L o 2he 8 i i 38R 5h 64. 95 ~ 357. 54 g/ miin,
ALl ARG BT B AP EE TR oK . 52 BR H AR o]
300 3 A TR A A AR 3 5 AR DG I Y e
SRR AN TR] DX R A b 3 2 ) 4 R

130 r/min
170 r/min

110 r/min
150 t/min

4 6

5
(RN E T = R /mm
P17 AT 8 5 1 B X (3t o2 BB 52 i
Fig. 17  Influence of seed supply gap on seed supply

performance
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4.1 ¥R EXEHREM RN

A EDEM iy 01 56 ) 1036 25 28, 45 2 A [ fR
ol ] 428 e B S A A 2 BT IE T 1 i SR 2 R
U b, S AR AT SR B S5 A 2, R 3D 4T ED
TR 135 9 RS BALS T R RFE R, 2847 6 228K
B, PRIEA TR0 oy b ik 2% T A HE 45 R A 1 L P8 BE
(L 19) o 58 AT AR R AR P9 IAC 1 000 g JJo A 45 ) itk
ST, LA [ i S i S B B 3, 10 v/ min A [6]
B, B — LI HE ] 60 s, 20 5 Wi £ 8 A~ i Al FLHE
A4 5 I B, S0 B3 A0 4R 45 0 4 oA ) B L B 3

86.05 g 7946 ¢

60.31 g
47.03 g

5046 g

110 120 130 140 70

EE3/(remin ')

P19 e S X AR R 5

150 160 1

R TR R A R E A L B R R Fig. 19  Influence of rotational speed on breakage rate
A PER R R IR AR R AL BT A AT HE R 2 PEAR S R A IR A R Ak 3 s,
x3 RMEREHITHER LRI
Tab.3 Influence of seed limiting sleeve structure on seed metering performance

RFE R - o~ BATHE || RFVE RFNE - o~ BATHE || RFVE RANE o s HATHE
N T F (r- || AR R " (rr W || AT T o (r i3
HE i/ PeAS S || RBEE f5isn B/ YA || W {5 B/ B
hmm oy i) o] by oy T min 1) 230% | hymm (o) min 1) 2%
103 3.37 115 5.18 122 12.72

113 3.31 125 4.82 132 12. 19

115 86. 05 123 3.07 115 64.75 135 4.21 115 50. 46 142 10. 14

133 2.92 145 3.64 152 9.70

143 2.30 155 2.39 162 8.51

107 4.54 118 7.03 125 13.51

117 4.13 128 6. 66 135 12. 19

10 120 79. 46 127 3.78 15 120 60.31 138 5.88 20 120 47.03 145 11.25
137 3.41 148 3.95 155 10. 72

147 2.33 158 2.69 165 10.23

112 4.94 120 10. 26 127 17.07

122 4.82 130 8.39 137 15. 49

125 70. 12 132 4.21 125 55.69 140 6.18 125 35.34 147 13.36

142 3.64 150 5.90 157 13.05

152 2.79 160 5.50 167 12.36

M3 3 mIAL, BRAPE fA N 83 8 T 1R U LU
Je Bt W0t SR HEAR HE AR 3 S MRS A W . AEBR B &
7 T 428 g B LA B A A IR) A A 00 3l HE R e
R 25 AT R — BOME AR 5 R RO 2 IR
IR0 GO N e S NS ) N B
i — BV AR S AR ROB G 5 2 R R R 42 1A A
(), T 458 BB/ A% B T A AT R i B A

HT I 19 AL, A [ 490 e Aol 12 LA i of 5 HE 4R 1)
WA R AT RO o A [F] — ) 46 B fi 7K S F, B Jik
ISR SN R R CEE R IR E e S
KGN, Feh Ry 46 F i o 64.75 o I, 78 45 5% K
PR AR AR B . DL AT HE R — B S RN
A AR G BAR Dy b e, W 5 SR HE SR BRFD S T F 20
J& R A fy AR AR 23 30 0 15 mm (115°

4.2 EHRENEAFHSHNIEAR

R LE5H 2 502 52 Wi 4R HE e 1 e 1) S5 0 [
o TEE RFDE & B0 S B Bl b BRI AN TR
e TS B A PR 2 g B Y AR A A L B B — A
LI HE AR R R E R S50 R AR
Hoh 115 v/min, LA 10 r/min Sy [E]F& , 43 51 HC 10 4K
L GETEAS R KT B BRIR 2 R B DL R B — AU A
M HERD i, #6473 R R I I I A, e 4
AN 20 Fros

H 1] 20 7T i1, Bifi 4 5 A A 1, B HE A o LA
DL FRAR Ao 2 v 5 X 38 W T e, 24 % Gk 135 1/ min
J5 L AL R R TR E A T RS ORI 5
JEWK 2 10.5 mm J5 W 22 TR . 1k
e BALHE R A R 13. 38 g/min, FRARFZ e K i B
9 18.5 mm, 5 3.3 5 R R fE X AR RE 5w oh

He

B/
i
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Fig. 20 Influence of rotational speed on single-hole

seeding holes

P BRI A5 R FEAR — 2, O (ol 5 HE A 1 B AL
LRPEAS WG I, B i B AL SR B S BROIR 2 R K
JE 18,5 mm , FLAE A BN A B — 7 L HE 4 5% 37 i 36
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K21 o
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Five types of hole structure dimensions diagram

Fig. 21

I v B 45 52 A ( 3£ [E] Vision Research 23], %!
5 Phantom v2640,400 J7 1R 2 ) WL AN W] AL AL F 4%
Tl &0 , 24 5% 38y 205 o/ min B 5 Ff 89 £L 45 A A7 B0 40
K22 i, B SRR N 115 ~ 205 v/min, &
] B8 10 r/min S — KPR SR 8 A
Ab 1 min HEH A B BRI, AWK NEREE S
U TTHEP A, a5 BB 23 iR

AL | T I AL

LIV
225 Pl ALAL BRI B

Fig. 22 Five types of pore seed transport trajectories
F P 23 R, 255G 3 115 ~205 v/ min B, BIALL,

11 % 3 5 HERD R BB BebE R K 7R 195 o/ min 5 4T
o, AR ME 4T B R 31.38.27. 64 g/min, A £ #%&

ALV

H7L 1
ZER
ALV

R 1T
RIFLIV

0
120 130 140 150 160 170 180 190 200 210
B34/ (r- min ')

B 23 i x]SR L HE R
Fig. 23

Influence of rotational speed on improved

orifice displacement

TRy R B2 12 km/h i d5 HERD B A ZER ; ALAL I . V
B 5 HEAD B A PERAC  (E SR FE R AR
b AR v T 1 S A R TR Y . AL IV B 5 HE A
HRLIEGRN K AR 115 ~ 135 v/min B, FF
ARFPZ E AR T 10,5 mm , (A B FL AN, H 577 HE
FpE/NT 10. 71 g/min, 7] 35 R ARV B JE 6 km/h, £
3 ~3.75 kg/hm” B3R 7E 7 4 Jy 135 ~ 185 t/min
B 15 L RAT L34 o] B R, LB % i 0 m, AR A
J2 B W v, HERD B W K, 7E % O 185 1/min
BFih B 45.44 ¢, J5 88 T — B, i 2 7% Fhoag o o B
12 km/h Jr 75 (4 J5e K HE i oK . AT 52 30 i 30 o B
AR S HE R VO . SO HE A I L B AL 2540
AL+ AL AT H A AL (V) W6 ~
12 km/h {45 Fh 25K

4.3 BHE5EETERIKR

Shy g i A4 A 45 i BE 5 L A % EDEM fj
TR0 2 R 0 A P 0k B R R AR R S R L
WG HE, A ITHEE — S 7 28 B R R e
PEAR 5 2B B4 B0 26 VA 48 A, T R HE R PR
REITS o JE S AR HE SR IS, 76 AH [ e T0RN AL Fh o 5
JEN B0 2 min P& 1 min N AEHERS SHER, D S
W, 3 A, A AR HE A S HE R R R R R
B, a5 Rk 4 R .

FH 2 4 A, 244538 115 ~205 r/min B}, HEFH
4 60. 96 ~355.76 g/min , 13 & 47 HE=E — B e AR
SEBIMET 5.2% , B ER TR ZBMKT
1. 3% , w] DL 15 w5 BE 47 B0 00 45 SR ko, it
HE A R B B R E R R
0.5% i J&£ NY/T 2709—2015 (il 3% 4% Fh AL VE b 5
) RIS HE R PR B A9 2R, AT 38 G B i ok
T A2 AN [) 1 I 3 R R B 4 R 75 5K

5 HEEMLE

S A 6 S g ML R O U R B SRR PR BE
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Tab.4 Seeding performance test results of centralized

metering device

oy, EUEE L TEGHE BRI
Gomin ) sy R BRI e
mm REB/ % 52/ %

115 3.0 7.62 5.18 1.21 0.12
125 3.5 11.91 4. 82 0.93 0.27
135 4.0 17.78 4.21 0.47 0. 31
145 4.5 21. 86 3. 64 0.42 0.34
155 5.0 25.71 2.39 0.55 0.40
165 6.0 29.19 2.41 0.63 0.42
175 6.5 32.14 2.45 0. 65 0.44
185 7.5 39.24 2.36 0.68 0.45
195 8.0 44. 47 2.32 0.57 0.43
205 7.5 40.23 2.39 0.61 0.47

T 2023 4F 9 J1 2 HAEAE Al K2 BAR AL Bl 2
T 56 i b, T AN [] i a0 S L RS ) 49 7K 1) il
ST (A1 Pt s , an 18] 24a B, AN B, DL 3
ik M1004 — 3B AU H7 ML A B E 5 J1 ,2BYMQ — 8 7Y
THSAE RIE G EARBEHLN T 28 1 ) 35058 50 1 22 H hr
LR 2 5 2 B4 % 0 /i PR B oy 7. 89 ,11. 98 km/h, £

x5

(a) VHZEREFM T RE (b) My A

4.5 kg/hm?H B

(d)IEE

(¢) #EE3.75 kg/hm* B &L
<24 M) Fh it 5
Fig.24  Field seeding experiment

[jlpEiS S T“T%ﬁllgjﬁ3 75 4.5 kg/hm’ 45 71744
jﬂ 1, 47 #9300 mm, & J5 45 d 7K Hdn

Kl 24b ~24d s,

oA 45 d 5 X B R DG AT 0 RE A [ R
JETF B8 A7 1 m Pl 3 v 20 BEDL IR LS A, 4
ARZEH T m, RIS AR 2.3 m x 1 m R X I, Gt Hfr
T AR LA 8 A7 S v s i B 45 A A Ak 20 Al — X
PEAR S R SR I S B .

i S AE vk B 15 3

Tab.5 Field distribution for rapeseed

BRIk BATHRE—

LRSI VAN 20 VA 2 T 1 m PUALBR B o R
k- (gbm) w1 T e e e T LS L
: (hem™)  RE/%
3.75 125 9.7 11.3 10.1 11.4 12.4 12.7 10.9 9.4 43.95 10. 26 10. 81
789 4.50 135 12.2 14.7 13.4 14.9 15.3 16.2 14.8 13.1 57.30 8.57 11.21
3.75 145 8.9 10.5 10.8 12.5 12.3 12.1 11.5 9.8 44. 20 10. 85 12.07
198 4.50 155 12.1 12.3 13.6 13.7 14.9 15.6 14.4 11.9 54.25 9.42 11. 44
M1 S AT R [RIVE M B8 e 4 Fp it T S dl bk 2 R R s (A T = A 3 ~ 8 mm i, A A

— MR RN T %, Bk % N 43 ~
58 k/m’ R AR S R BURT 13% o A )1l 5 5
LA T S AT R 53 A0 35 50 PR B 3 hy, 1 K i
O W R SRORG EEREAREEK .

6 it

(1) 25 5 i SRR R K Ff i A 20 200K i
TF i T e gl B SRR R 0 U R, L
R 9 h el RAL + Wi AR FLAE " 24 A AU AL
Aol AT D JE 4 F37 AL AT i B 6 ~ 12 km/ho
(2) B ] EDEM {5 54387 1 A [ iR A £ 1] 25 4
SHRCT S HEE AT IA Tl | 5 e 1 S PR = B R ey
JE R AR AR e, T 1 HERh IR g B X (A Ao A 9
R o KA R R W] RARES AT £ o R
R BRI ) G oA i S B AT, B AR Ao

HURTE 64. 95 ~357. 54 g/min JEFE N AT M. R T A
[l PR AP A 254 T 1 & 283856 i 0 25 SR R WA PR Al
fal R4 R BN 15 mm A0 Oy 11500, 42 HE#5 HE
ok B 7E 45 T S e o

(3) BHIRI AT T 5 o XoF AR o 2 1o B AL
HEF i (4 5 i B, 15 2038 A R B FL S A 2
B0 ITE T FE IR S AL & T AS [ 4 ot 4 HE 25 HE
Pk RE 52 M), X0 45 SR B - 6 3 115 ~ 205 1/ min
B, HER 33 60. 96 ~355.76 g/ min, Jli 34 AT HE &= —
R RBIIET 5. 2% , BHHR A E *FB/%RMEE
L3% B RAE T 0. 5% A1 50 2 W« 76 iy 0 o
j77 89 .11.98 km/h B, IS5 AT AR A5 B 0 A — B

FRBURT 1% R Bl 43 ~ 58 H/m’  HH
H%Eﬂlﬁl/\iﬁ%%xe A S BN T 13% , B2 HE 2% ] S2 3
R L Tt S T SRR A R AR R
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