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1.Seed box 2.Brush 3.Long shaft 4.First bearing 5.Flat key 6.Grooved wheel
7.Support ring 8.Second bearing 9.Flexible tube 10.Front shell 11.Screw
12.Spacer 13.T-shaped hole 14.Seeding plate 15. Third bearing 16.Rear shell
17. Fourth bearing 18. Short shaft
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Schematic diagram of centrifugal high-speed maize

Fig.1
precision seed metering device
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1. Seed filling stage II. Seed clearing stage III. Seed discharging stage
IV. Returning stage
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Fig.2 Working principle diagram of centrifugal high-speed maize
precision seed metering device
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Table 1 Maize seed size and proportion

o {5 Dent type FKERTY Spheroid type Jmi[# % Oblate type 1% Row type
e ¥ % 7 k& [ & % 7 k% =
Length  Width  Thickness Length ~ Width  Thickness Length  Width  Thickness Length ~ Width  Thickness
P8 Average/mm 11.73 8.88 5.12 10.07 8.69 7.27 11.34 10.17 5.40 11.70 8.39 5.96
Standarjd(\ifiion/mm 0.80 0.75 0.54 1.24 1.05 1.14 1.11 0.71 0.49 0.76 0.97 0.71
5 E¢ Proportion/% 62.8 17.8 4.3 15.1
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b. RERAY
b. Spheroid type

a.
a. Dent type

W DT RE, mms w ARTEE, mms A AR TIEEE, mm

Note: / is seed length, mm; w is seed width, mm; 4 is seed thickness, mm.
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Fig.3 Model diagram of maize seed
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c. Oblate type d. Row type
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a. Rectangular shaped hole

b. BRI AL
b. Horseshoe shaped hole

c. TI-AERLL
c. T-shaped hole
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Fig.4 Schematic diagram of lateral filling with double seeds
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a. fib

a. Axonometric drawing

b. LHLE

b. Front view

c. HIRLE
c. Section view
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d. Top view e. Partial enlarged drawing

I HONRTURAEE, mm: o NRIFLHERTS BRI A, () B NTLTLIY
JERERS, (s L NRILMATR KR, mm; L, WL K,
mms W, IR, mme W, WRALRER S, mms 0 KL
FERHARIR A, (O r AL AR A 42, mm.

Note: H is the depth of shaped hole, mm; a is the front inclination angle of
shaped hole, (°); f is the rear inclination angle of shaped hole, (°); L, is the
length of the front of shaped hole, mm; L, is the length of the rear of shaped
hole, mm; W, is the width of the front of shaped hole, mm; ¥, is the width of the
rear of shaped hole, mm; @ is the bottom inclination angle of shaped hole, (°); 7,
is the bottom corner radius of shaped hole, mm.
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Fig.5 Schematic diagram of T-shaped hole
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Stage 1
USRS SR S8 DE S8 Do) R CES A2 E EIRVS7
Standing posture 1 Standing posture 2 Half-lying posture 1 Half-lying posture 2 Lying posture 1 Lying posture 2 Capture posture
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Stage 2 t\:f :t :f t\j t t\j
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Filling posture Filling posture Filling posture 1 Filling posture 2 Filling posture
[¥EE] d / & L o/
Stage 3
Steady posture Steady posture 1 Steady posture 2 Steady posture
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X THISCRF ST, Ns Fo F TSR I 5, Ny M, 8 Fyy P A (e

JifE, Nemms M, oA TR Fe PR 05, Nomm; SO 2 RRHT 7o iR BRI .
Note: F) is support force of shaped hole to seed, N; F. is centrifugal force, N; T is support force of front shell to seed, N; F,* is component of . along front shell wall,
N; M, is revolving torque generated by Fy , N-mm; M, is revolving torque generated by F, and 7, N-mm; The black dashed line represents the front shell wall.
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Fig.6 Posture of maize seed filling
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Fig.7 Schematic diagram of multiple seeding
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X1
Region 1

X2
Region 2

X453
Region 3

a. X5

a. Area division

VE: Ry WIERMF T ER, mm; U NMILSHTFEARRER, mm.
Note: R, is the equivalent diameter of the spheroid seed, mm; U is the gap
between the shaped hole and front shell.
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Fig.8 Bottom area division of shaped hole
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b. Filling posture
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a. Front view

e fy AR F T RIBERE D3, N; f, RIS T REE S, N: G oA
FFES, Ny TSR RN T T 308 AR B RTINS )1, Ny %4 f,
AR r TS J1, No %8 f AR r TTEEIY 1, Ny G¥E G 1R
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Note: f; is friction of shaped hole to seed, N; £, is friction of front shell to seed,
N; G is gravity of seed, N; T* is the support force component of front shell to
seed along radial », N; f,* is component of f; along radial », N; f,* is component
of f, along radial », N; G* is component of G along radial », N; F, is the
combined force on seed.

b. HIALIH
b. Section view
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Fig.9 Force analysis of seed filling stage

a. YK
a. Physical drawing

b. IR FEIE
b. Schematic drawing

e S AR W FLRE TR Z 3 B R AR L FIBE RS, mm

Note: S is distance of seed traveling from top of shaped hole to bottom, mms,

10 AANEIE 2 F 5H7
Fig.10 Kinematic analysis of seed filling stage
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Note: P is the support force of the front-end seed to the back-end seed, N; M is
the flipping torque generated by F, and P, N-mm.
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Fig.11 Analysis of seed filling and claering under different S
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Fig.12 Seed force analysis in seed discharging stage
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Table2 Numerical simulation parameter

Wi H Item 23 Parameter HH Value
B /(kg-m ) 1204
EV/S S AL 0.4
B E/Pa 1.37x10°
T3 S F A 0.233
FhF-Fh B R 0.182
) FE R 5 0.051
iz VR 0.580
FhF-# i PR P DR 5 0.390
PILSEEY 0.036
RV 0.880
MBS R R R 0.490
B EEE Z A 0.012
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Fig.13  Simulation models of maize seed
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Fig.14 Simulation model of seed metering device

FIRIORL T B Az BOBTRL I 7 sUEAUE B AL
R MR Jele 27 LN R RORE S A AR A o, A
Ji 2 B I Rh T RO A 24 ML RS, HERD S B HER
P RE AP T K HEBR S i P I Rl T R A R AE
24 0, FEAF EIFUEMIET 0.5 s 2R R 24 A7, el
M 0.5 s I TT4RIZE), Fd ¥ E Y 300 t/min, X R
a0 AR 18 ki/he JIOKL L) R 1A g 2 5 4
ot & AR 2O — B0 A0 20 Bl 7 AR s 2
i} Hertz-mindlin(no-slip) #5244, FFHIAI4E T #&EEZ K
BH02m/s, WK EEN 5.88x107 s, iR A7 ]
BRI )5 B 9 0.01 s, 17 EL AR A B N 20 s.
4.2 BRMAHERLE
4.2.1 RKERF L5 XRG4

RS I ACRE L, B AL 5 o 1 BTRE A By AL
RE RS ERABURE A 0 2500 T IR AL AL 78 i 5 $oiried 72 1) =
B2H, K =F A i R A s sl 2K . AR
GB/T 6973-2005% fi#lsE, VAAMSIREL ¥, (%) EEE
B Y, (%) Wik E Y, (%) 1fERKRIEN, 4
D7 ARSI 58 HERh a8 A5 g B SR Y 251 Rifh .

n
n:ﬁxmme (9

n
Y2=N2XIOO% (10)
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o NN HER G 0y BRI RIEG 0y N 2 RIDL 1
HR G ng NIRHERD 2
4.2.2 XBEFE

FRYE T A L FL45 K 2 B0 HERP 52 i (0 318 20 B
A FRF T RIS, RIS PR 2 A U Y A
RIS A BT oK L, 9 8.64 ~ 15.36 mm. YL 5 i 1T
W RHA BN 41.64°~ 48.36°, AL B &L M 0 N
64.59° ~ 81.41°, EIxJ ik GBI e — K &= K -F
TIRIEAS e A AR, RIS mIL R R 3 FiR.

%x 100%

IS
w2

B3, " NEE, HEATHNAREE, X1 IR/EELE
VAR, X0 xos x5 X 5 x WRIEE, xox, NEE,
HARDBUHYAEZE .

VIICHENE Wyt R N AP N EY S = VA i1y
Fabr 58 R 2 1 =k BT R N
Y, =91.2-4.68x;, —2.56x, + 1.7x3 + 1.99x, x,+

2.59x,x; —2.67x,2 —2.82x,% —2.04x5>
Y, =224 +3.11x; —1.04x, — 1.16x5 — x; x—

1.19x,x; + 1.51x,% + 0.66x,% + 0.52.x5>
Y;=6.56+1.57x; +3.61x, — 1.4x, x5+

1.17x2 +2.15x,% + 1.52x5°

=0A
52

12

1A Y72
w3 ORBERRAE %4 RESREABER
Table3 Factors and levels of experlmjentﬁ e Table 4 Experimental design and result
e N ; | s A 2 e =
v RALHRGRKE  RIURERTT G AR ; oy EWRE WA
K L The bottom 5= EHETREL .
Level The length of the front The rear inclination . linati le of N X X, X; Qualified index, /% Multiple  Leakage
cvels of hole L,/mm angle ofhole p/(°) ™€ ‘Eilg’;/?‘jg) e 0 NAINEE INACX IV i dexY,/% indexYy/%
1 -1 -1 -1 91.63 2.39 5.98
1.682 15.36 48.36 81.41
1 14.00 47.00 78.00 2 1 -1 -1 72.51 13.14 14.35
) ’ ) 3 -1 1 -1 85.26 1.59 13.15
0 12.00 45.00 73.00
B 10.00 43.00 68.00 4 1 1 -1 74.1 9.16 16.74
) ’ ' 5 -1 -1 1 92.43 1.59 5.98
-1.682 8.64 41.64 64.59
6 1 -1 1 83.67 8.36 7.97
e A ~ 7 -1 1 1 84.06 1.59 14.35
4.2.3 RIELER S5 8 1 1 1 83.26 359 1315
b Y TE AR A 4H 23 NG A 9 -1.6828 0 0 91.24 1.59 7.17
‘ %+ EDEM E’Jr{AIE)UJ’E%@E,E Gt i g8 0 1lesig o o 760 005 1935
FEERWFE 4 FiR, FIH Design-expert 13 #4455 10 -16828 0 90.04 5.18 478
- . e ~ s . 12 0 16828 0 77.29 2.39 20.32
2E AT R4 AT, R0 R R I 6 B 1) 3 25 14 A ) 13 0 0 -1.6828 84.86 4.78 10.36
V== 3 14 0 0 1.6828 86.85 1.99 11.16
AR S . . : . 15 0 0 0 90.43 2.79 6.78
IG5 AT 51, SRR BB IR EE 16 0 0 0 92.03 1.59 6.38
e N e N e 17 0 0 0 90.83 2.39 6.78
(P>0.05), FXWIRIABA KGR B, HAEARL R 190 0 0 92.03 3.19 4.78
. o) g — e 20 0 0 0 92.83 1.59 5.58
R KT 0.92, UG AT DUFERITA PR AR 92% 1 2 0 0 0 88,84 279 837
M. T E TR % B, Xin X X3 XX XiX3e 2 0 0 0 92.43 239 5.18
A Xf T A% i A E] A AR 20 0 0 e s P
2 2 2 4 S e ] . . :
X' x5 BN R, HARIUSALEE; X T HEEE TE: X0 Xoe X3 A Lys B0 O KPR
*E‘%Z [A] UE' E’;iﬂ » X|s Xpn Xan XpXpn XjX3e x12 5 x22 i@ﬂ\j*& Note: x;, X, and x; are the level values of L, 8 and 6.
x5 REFESH
Table 5 Variance analysis of model
A %455 Qualified index FAFFEE Multiple index JN 45 2L Leakage index
T3 ZHRIR Rl A 5 H 5 H
Source Sum of  Degree of F P Sumof  Degree of F P Sumof  Degree of F P
squares  freedom squares freedom squares freedom
%78 Model 817.91 9 26.47  <0.000 1** 231.75 9 4595  <0.000 1%** 371.06 9 18.39  <0.000 1**
X 299.52 1 87.23  <0.000 1** 132.23 1 23595  <0.000 1** 33.73 1 15.04 0.001 9**
X, 89.71 1 26.13 0.000 2%* 14.85 1 26.50 0.000 2%* 177.57 1 79.19  <0.000 1**
X3 39.64 1 11.54 0.004 8** 18.38 1 3279  <0.000 1** 4.04 1 1.80 0.202 7
XX, 31.68 1 9.23 0.009 5** 7.90 1 14.10 0.002 4** 7.94 1 3.54 0.082 5
X1X3 53.66 1 15.63 0.001 7** 11.40 1 20.34 0.000 6** 15.60 1 6.95 0.020 5*
XoX3 2.00 1 0.58 0.4590 0.00 1 0.00 0.996 3 1.99 1 0.89 0.3634
x’ 113.51 1 33.06 <0.000 1** 36.1 1 64.42  <0.000 1** 21.58 1 9.63 0.008 4**
Xzz 126.00 1 36.70  <0.000 1** 7.01 1 12.50 0.003 7** 73.58 1 32.81  <0.000 1**
x32 66.24 1 19.29 0.000 7** 4.34 1 7.75 0.015 5* 36.67 1 16.35 0.001 4**
%75 Residual  44.64 13 7.29 13 29.15 13
KA Lack of it 30.05 3.30 0.065 5 4.41 5 2.45 0.125 16.24 5 2.01 0.1809
R 2 Pure error  14.59 8 2.88 8 12.91
S Total 862.55 22 239.03 22 400.21 22

VE: RN (P<X0.01); *FRRIE 2 (0.01<P<0.05).
Note: ** means highly significant (P<<0.01); * means significant (0.01<P<0.05).

N T RIS P Z 0 SRR 520, 2 #r 0 Had AR
T E RSO 4R 15 Br: FIH Design expert

13 B2 A R 2R A8 HAE SR 2 i B i, Wi 16
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WG 17 TS, o T KR 1R 38 Bl AR I 45 5 v 8
T AT A R FUR R I R L 2R AL i R A 5 2
FUAE R S ABTRE A B3R, SRR B 1 KR R, A%
TRESEI N JE G R A T LA Al 5 R LR
R A IR, IR EOE RN K. KRR DY B
o TR LA 4 R 5 R LR IR AR A 3O, R LA
FEREI, FTE SN, KA EEE R, Wi
FREPRAR. KB RO R BIRERS B9 2 KA 71, XL

RiAR T I HER S MR ARG, SRR R, HER A
(ol 7 Eopk A, 5 R AL BRI 0L, AT
BEE SRR, SRR, bR R LR
i TR A IO, BUALRE K, AT A S 5 R E
SR, FEREEEE RN, R TR S AL, FE
AR IRECETE, IR RO . AL S T R A
ORI, XORLR 7 I HEHTE B R B 2 3K, R th
o FEE IR EGRE, EE SRR,

UKL [ Particle velocity/(m-s™)

L,=12 mm, =48.36°

FEEHE R Seeds buildup
a. W% E0R T HER

a. Seed accumulation caused by missing seeding

2.60 3.06 3.52 3.98

L,=12 mm, f=41.64° Pt i Seed stream disruption
b. I 5 R s R

b. Missing seeding caused by excessive multiple seeding

B 15 HeArid42 ERIES A ST

Fig.15 Simulation analysis of multiple and leakage seeding during seed discharging

76 13 76 4

a. Yi=A(L,,B,73%) b. ¥,=AL,,45%,0)

74 ; 7
Gro 12 115 g, 12 11
9 10510 (1 79 70810

c. Y=fL,,45°,0)

e. Y,=(L,45°,0)

d. Y5AIL,p73%)

B 16 B FE N AR R AT A M AR e 6 R L &

Fig.16 Response surfaces of influence of interaction between factors on seeding performance

FEE| T RSN SE, Da i sk,
HE SRR SR B AR AT AR . AR A E AR BR
A

max Y,(L,,,0)
min YQ(L] ,ﬁ, 9)
min Y3(Ly,3,6)

{ 8.64 mm<L,<15.36 mm (13
s.t.

41.64°<B<48.36°
64.59°<<81.41°
RAREAT R FLAE AT I K 9 9.31 mm,  BYFLAY Ji5 v
TR 43.37°, BUFLRE R HBUR M2 70.5°0F, HEFh
JRER, MEHER AR ERRR S TR e Sy
BN 95.44%. 0.9% 5 4.48%. NIGUEDUALSS B HERGTE,
TEME A F T 3 A B, 25 RICEFME, B3
HEFh s A M Ta 2. ERRIEE S INIETEEU 8 94.03%.
1.72% 5 4.25%, #3n OE, Ui B IR GEAS e 4% 18] A
HA RIS A SS FAE

5 BRMEENIEAE

51 RBEMRERE

T SR B M AT SE M DR T A AL LR
WA A R, JT R 628 RiEiRE, KR G4
K17 s

IR B 7k F R 4 I 7 OR R 958 ROK R &L
Fh, TRIFRE 366g, S/KE11.99%, RikfMf19.7°; R
3 B HERR 2R o B0 Ul BORE R HEA AR, EEERE
38 i Ot [k 3D 4T B F R i L, AR R Sk
R4600 W fiF, HARFMAEHBEEG SN T, Hifh 2t
o BT R R LAC A RO A AT IR ), FALAUE F AN
0.18 N'm, AU N 3 000 r/min. YK zhE B4R E
FIHEALAC & 1:30 B0 2%, IXSHERD 28 0 LI %
A 1:10 FIgEE A, I8y Y A A AL RE S R e
IR B HEF AR IR I 2 B A v [k oK 2 ) R A
BIASINAS, 1 b 30 O Vi o A R 0 00 ' AR IR AR IS, AR
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IR R IE KIS 54 PLC, PLC 7EAHAR kb o G it e i
T A B R BOE R X B AR TN AR
TR R AR TR AR R AR

1 2

3 4 5

LAHERR AL ARSI 2.8 B AL Ph e B 3 HERh S 4.0 50 2% 5. BT
Bl 6. oGBS 7 AR TL 8 M RYTL 9. T JAE AL SL

1. Performance detection device of seed metering device 2. Quantitative seed
feeding device 3.Seed metering device 4.Gear speed reducer 5. Brushless direct
current motor 6. Optical transducer 7. Rectangular shaped hole 8. Horseshoe
shaped hole 9. T-shaped hole

B17 REER

Fig.17 Test bench
52 RWAHR

RIGHZ AT W 6 fim. RIS GB/T 6973-2005

CHRL R FRRLIRIG i) PO sz, ¥ 500 Jiks
EESHEH R FiEN—H, SARKESR 5K, P
PHENE N R0 45 R

*6 RWEEKTE

Table 6 Factors and levels of test

KF T FL2KY Rl 3 i
Level Type of shaped hole Working speed/(km-h ")
1 Y 12
2 Bt 15
3 T % 18
4 21

5.3 LRSI

BRI L R nR 7 o, RAER 7 05, HLEAE
AV B2 18 km/h BF, T T AE 2 L HE R 25 16 & 4% 5 2k
N 94.54%, S EARIGLE REAY A, WEMHTIREN
0.54%, FEARZERFEEIER: 7 EBRL ) E R R
5B SUFF R ARAEAE 22 57 DA RORE T Bl 45 A Ak (1)
J5 A TCTE AR Lol 2% B A7 AE LA Rk Bl k. Al ik
FER 12~21km/h I, T JEAERFLIIARFREOMET 94.36%,
BEIFRBA ST 3.26%, IRIHFIEEA T 3.60%, TG
RUFLH P A AR 94.77%, HIE T A A £L 32T
T 3A3AES M, HE TR T 1.80 NME 2
s T IR R FLI P 35 B R 4B 50N 2.06%, AHECTHE
ERALBEAR T 3.41 DN E 8, BT IR AE R LR T
2.49 AN 4o X EEAS R b B AR e 4 T,
Tolt 2% 1A A Wt 8 HR It 25 A S R 1100 486 K L 00 20 4 e 11
e, AR A 15 km/h B, Si& e s, N 95.16%.

PR BRI SR TSR B A KT K
O — S ) PO B 2 L PR 3 O A R T 7SR, (H
AR R R e AR R, AR 4 K 3 S e o i (1]
Ui/ 55 PR Jk 41 18 5 S5 i x5 R A ) AN R
Wi K FE A TG 7 A (A R R, IR A% 4R £
THRFK

*=7 WHWER

Table 7 Results of experiment

LR AR Akt EMES O RIEEK
Type of shaped Working Qualified Multiple Leakage
hole speed/(km-h™") index/% index/% index/%

12 90.96 6.62 242

HH 15 92.78 3.94 3.28

Rectangular 18 91.62 5.90 2.48

21 91.22 5.38 3.40

12 93.58 3.64 2.78

e Hia 15 93.72 3.52 2.76

Horseshoe 18 92.88 4.34 2.78

21 91.72 6.68 1.60

12 95.02 1.38 3.60

T % 15 95.16 1.42 3.42

T-shaped 18 94.54 2.16 3.30

21 94.36 3.26 2.38

6 & B

1) ASCEP LA B 0 3 T KRS = R A A48 R
B m i, Wit TR T RAERFL, GEa A LA
MXTFR Y 6 BEAG XORLHHE AT, 3 & SR 78RR (1 e 2R,
M T RS A ST AR T AR FLIE AR 4
MZHEAT R, e RS KN 6 mm. R T
N 6mm. JEun N 32mm. JEEEMALEFEN
0.5 mm, RFLEERIREA 12 mm.

2) 8T T RSB FLEE IS EO HERD 25 1 BE 52w (1 21
V23 BT A6 2 S M HE o 5 2 1) S 2 B 2R PR i o A T
T FLAE 5 v TR A DA S R LA IS SRR A o A B
JCl B8 A EDEM AT RIS . 45 SRR, 1E
PEMVEESE 18 km/h 2548, 24 FLAE A v K B2 L 9.31 mm,
T |, A o T 6 A R B 43.37°, TR AL A RS 0 46 4 £ B
70.5°0F, HERDER ISR AL, AT HERR A S 4R 2
FERFIRH S RIEEE N 95.44%. 0.9% 5 4.48%, 1jj
R AR BRI S IR EU N 94.03%.
1.72% 5 4.25%, W3 AR A 45 SR B A B e e 1

3) ERBIERB ML REY, EELEEN
18 km/h I, 22288 T T4l 28 5L i) s o 00 SCHE R 2% 5 4%
FRECHN 94.54%, SFERIG LS REAYIE, PE TR
2N 0.54%, UEA EARIGEE T 5E; /RN 15 km/h
B, T TARERL AL A4 e B =N 95.16%, TEUBAE LI
ER, HEFh SR E RN 1.42%, IRIEEECN 3.42%,
R R R AR R LR MR EAE 12~21 km/h B,
T AR FLI T3 B M AR ECRN 94.77%, BT R AR
FLIRTET 3.3 NAE AL BT BB T FLIE T T 1.80
ANE Ay, T AR FL I 2 E RS BN 2.06%, MR
THEEAERIFLIRAR T 3.41 N A A, BT B AR R AL
FRAR T 2.49 NHE 5. T IRAERFLAEE A 2 B 3% 45
K, PEEHER R AR R .
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Design and test of the T-shaped hole of centrifugal high-speed maize
precision seed metering device

YANG Li, LI Zhimin , ZHANG Dongxing™ , LI Chuan , CUI Tao , HE Xiantao

(1. College of Engineering, China Agricultural University, Beijing 100083, China; 2. Key Laboratory of Soil-Machine-Plant System
Technology of Ministry of Agriculture and Rural Affairs, Beijing 100083, China)

Abstract: Agricultural production has been dominated by mechanization in recent years. High-speed precision seeding can
fully meet the requirements of high-efficiency mechanized planting. There is a high demand for the stable and excellent
operational performance of the precision seed metering device. In this study, a T-shaped hole was designed to update the
existing centrifugal maize precision seed metering multiple seeding. The hole-shaped symmetric tab structure was also
proposed to reduce the probability of maize seed side-by-side filling. A systematic analysis was made to clarify the influence of
the structural parameters in a T-shaped hole on the process of sowing. The size of the maize seed was combined to determine
the values of some structural parameters of a T-shaped hole. The range of the factors was selected for the subsequent
orthogonal tests. Specifically, the length of the front, the rear inclination angle, and the inclination angle of the bottom
inclination angle were from 8.64 to 15.36 mm, 41.64° to 48.36°, and 64.59° to 81.41°, respectively. A three-factor three-level
quadratic orthogonal rotational regression test was conducted on EDEM software using the structural parameters as test factors,
while the qualified, multiple and leakage indexes as evaluation indexes. ANOVA and response surface optimization were then
performed on Design Expert 13 software. A combination of optimal structural parameters was achieved in the T-shaped hole:
the length of the front was 9.31 mm, the rear inclination angle was 43.37°, and the inclination angle of the bottom inclination
angle was 70.5°. The predicted qualified, multiple and leakage indexes were 95.44%, 0.9% and 4.48%, respectively. Three
groups of simulations were carried out to verify the optimization under the same conditions. At the same time, the qualified,
multiple and leakage index of seed metering device were 94.03%, 1.72% and 4.25%, respectively. There was close to the
predicted value, indicating the accurate optimization of quadratic orthogonal rotary regression. A bench test was carried out to
verify the reliability of the simulation and the effectiveness of T-shaped hole, in terms of reducing multiple indexes. The
qualified index of the seed metering device was 94.54% when the operating speed was 18 km/h. The relative error with the
simulation was 0.54%, indicating the reliability of simulation optimization. When the working speed is 12~ 21 km/h, the
qualified index of T-shaped hole is not less than 94.36%, the multiple index is not higher than 3.26%, and the leakage index is
not higher than 3.60%, and the average qualified index of T-shaped hole is 94.77%, which is improved by 3.13 percentage
points compared with rectangular shaped hole, and 1.80 percentage points compared with horseshoe shaped hole; the average
mutiple index of T-shaped hole was 2.06%, a decrease of 3.41 percentage points compared to rectangular shaped holes and a
decrease of 2.49 percentage points compared to horseshoe shaped hole.

Keywords: agriculture machinery; simulation; maize; high speed seeding; shaped hole; EDEM
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