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Design and Test of Maize Posture Control and Driving Precision
Metering Device for High-speed Seeder
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Abstract; Aiming at the problem that the precision and performance of maize mechanical seed-metering
device was decreased and unstable when it was at high-speed sowing of the seeder. The technical idea of
adjusting and controlling maize seed filling posture by using posture adjustment teeth and unit hole was
put forward. A precision metering device with posture control and driving was designed. It adopted the
structural layout of double sided seed discs opposed and single row seeding, so as to reduce the rotation
speed and improve the uniformity of seed-metering. The structural parameters of the key components were
designed. The principle of seed posture adjustment was analyzed. Through single factor test and
combination test, the optimal parameters of the seed-metering device was obtained. Subsequently, the
seed-metering performance comparison test were carried out. The results showed that when the type of the
posture adjustment teeth was linear, the effect of improving the qualified index was the best, which can
be increased by 29. 1 percentage points compared with that of no posture adjustment teeth. When the
rotation speed was 16. 7 r/min, the inclination angle of the hole outer wall was 46. 9° and the fillet radius
of the hole was 4. 5 mm, the qualified index, missed index and multiple index were 91. 6% , 2. 8% and
5.6% , respectively. Within the range of operating speed of 8 ~ 14 km/h, the qualified index was over
90% , the miss index was below 3% , the multiples index was below 8% , the damage index was below
0.5% , and the variation coefficient of grain spacing uniformity was below 19% . Moreover, the seed-
metering effect was better than that of no posture control seed-metering device and scoop type seed-
metering device, which met the technical requirements of maize precision sowing.
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Fig.1 Structure diagrams of seed-metering device
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Fig.3 Triaxial size of maize seeds
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Fig.7 Force analysis of seeds at bottom of groove
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HRHL 5. MR HI 6. BRI 7. F T 8. HERN S

IR0 AR L 43 S FR B 958 FoAKFPF, T
BT 290. 2 ¢, K% 10.36% , 1K1 £f 22.33°,
3.2 RWIET RIS
3.2.1 BT

(1) DATR 24 14 80 A B 2R 40 il e e A oy
AU IR G 5 TR A 4 PP 0T R R R 2R 3K
55, PRI VA L 15 D BUXHHERD Pk e iR e 6 bR i s e, DA
i o R 2 1A R e I DA 1

(2) ARHIE 7 10T HE A 25 P e 1 56 B B8 43 T
53 e 2 5 e HE R 2 AR T Y PR 2R IUE S ] .
FLIEI B4R R M 3.3 ~11. 7 mm  UFLAMEE [R5 £
h18.2° ~51.8° HEFP &% TAEH W n 4 11.6 ~
28. 4 v/min, TEPRIMZG BEHEAL U7 B 0 AL, S
FIHEF IR AR S S B G DRILIA 212 R
RULAMEET AR y AT AR 3 n ik e &=, PR
= E K R E AT i 1 20 5105, X 56 G
i 2 iR,
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®2 HEHD
Tab.2 Test coding

SES
iy AR RIFLAMEETEGA AIALIE f ok
X,/ (r-min~") X,/(°) X;/mm
1. 682 28.4 51.8 11.7
1 25 45 10
0 20 35 7.5
-1 15 25 5
- 1. 682 11.6 18.2 3.3

(3) FEHERh g Fe A S 54l & W BE k1, PR
AR 2 AHERR R BEXT HEIRER . ZEAE AL
8.10.12 14 km/h 3t 4 BRI AT, 20 5100 5aL
s R G CHERR 2 | O Fh T 2 2 4 o R ) HE b 2
LR T SCHE R 25 000 HE b 2 1 3R 22 & 4
M, ELIBCR B T AN U I s 25 15 4548 ) 5570 Fe = HEFD
AR HERPEREIE XS LE
3.2.2 M ERR

R F KPP A A R, I 15 e Pk Iy
25 em , HéHiE GB/T 6973—2005( Bkr (ks %) #E A HLIR
k) K HER R i i S B 251 RiAh el
— R0, IR R 3 K, 18 AR R RS0
FIXHRIIEAREAR R Y, IR v, MERR v, T
it I RIS TR A A E N e A A5
3.3 REERRASH
3.3.1 PRI RL N 2R

BEE HEFP 2 VE ML 3 12 km/h, B FLAMEE 1]
Wi ff y 51, 8° , ARUFLIEI P42 R 4 3. 3 mm, #E174
I R 147 14 760 ) AL PR 2R, 5 SR AN 35 3 P

x3 ARPREERABER
Tab.3 Results of different postures adjustment teeth

%
% SRS RS g
] 89.6 2.0 8.4
W] 87.6 2.8 9.6
R 86. 4 3.5 10. 1
PR 60.5 32. 4 7.1

I 3 WAL AT TGRS U G5 X HERR A4 R FL
A7 5B RO, JCIR LS I HE R 1 5k 21 32. 49% 15
AR DA T A PR I o 5 ikt ABBURP AT, B
LS AR 1 O ERLZE BE, S ) se R A
DRITHERR 5 4% R385 T 86% , IR AE 4% LT, 8%
TR SGEAE B M AR AT H T 29. 1 AT 23 A
ULIATRZE R FERIRT AR 2179825 , [] it BEXH 4]
SR AR RERE SN , AR IR ST SRR

A SR A A [ 147 2868 TS A3CR 1) 5 i A A

[] , e RO 20 O HERD B A% R s, O 89. 6% , HiIR
SEMTAVR Y A SR R R A T AR N e
PRI U THT T G 42 M, TV 78 300 25 % b 485 7 VR %
5, AN T B IE i A BCR BT 5 A 2
FERE T 58 A5, 1) 5 I B e At 147 T, VR
BIJIHBLN LRI 55 ; L T30 AL I L2
SR AR A, 7 HE VR S SRR B 5 T
PRI DRI 2 A 8 28 A0 0 o~ 3 25 R 2 AR
IRt HERP B AR FER T RICRIRA
3.3.2 TURIESCHERE UH A A A

BT LR B PR 2R 25 A, TR R 14 U5 R 46
TR ST, HEAT OB S e [ VA 20 5350, 18056
ZERINE 4 iR, e — 20 o il R 3R G 9
PR R I LA W Design-Expert 8. 0. 6 X i3t 56 %4
PEHEAT B30T, B BRI AE R LK 5,

F4 ETHBER
Tab.4 Results of orthogonal test

S
Fe X,/ X,/ X,/ Y/% Y,/% Yi/%
(r\min~") (°) mm
1 15 25 5 86.3 4.1 9.6
2 25 25 5 87.2 4.4 8.4
3 15 45 5 92.4 2.2 5.4
4 25 45 5 91.2 3.6 5.2
5 15 25 10 83.3 5.1 6.6
6 25 25 10 86.8 7.2 6.0
7 15 45 10 89.6 2.0 8.4
8 25 45 10 88.0 4.0 8.0
9 11.6 35 7.5 90. 8 2.0 7.2
10 28.4 35 7.5 88.4 4.4 7.2
11 20 18.2 7.5 80.8 8.7 10.5
12 20 51.8 7.5 90.0 1.6 8.4
13 20 35 3.3 89.3 3.2 7.5
14 20 35 11.7 89.2 4.7 6.1
15 20 35 7.5 88.9 2.7 8.4
16 20 35 7.5 88.0 4.1 7.9
17 20 35 7.5 838.9 3.2 7.9
18 20 35 7.5 88.3 4.1 7.6
19 20 35 7.5 87.1 3.8 9.1
20 20 35 7.5 838.3 3.1 8.6
21 20 35 7.5 87.7 3.1 9.2
22 20 35 7.5 838.5 2.9 8.6
23 20 35 7.5 89.2 3.5 7.3

5 AT A48 R TS 5 SRk ml a AR
(1) B A 0 45 SR 4 A 3 (P <0.01) , H 2R H
WA ERE (P >0.05) , 2 B [m] A AL 35 HOA 300
LG . XF AR InIERARL X, 5 X5 XA
HISEIA S I 3 X, XX, 5 X3 SRR A 5 i 24
R AT () i AR 3 5 6 T %
AR X, 5 X2 SRR S 2 i L X,



116 ol Bl ¥ W 2022 4F
x5 BEMSW
Tab.5 Significance analysis
- kR T % iR B
T R AmE F P TR AmE F P T AmE F P

i) 93.94 9 1237 <0.0001* 51.29 9 13.39  <0.0001* 32.39 9 8.13  0.0005*
X 4.05 1 4.80  0.0473*  7.08 1 16.64  0.0013*  0.42 1 0.95 0.346 8
X, 57.70 1 68.42  <0.0001* 32.11 1 75.42  <0.0001* 3.72 1 8.42  0.0124*
X, 1.53 1 1.81 0.2013 3. 12 1 7.32 0.0180°  0.28 1 0.63 0.4409
X, X, 0. 60 1 0.72 0.4123 0.12 1 0.29 0.597 1 0.18 1 0. 41 0.5347
X, X, 0.98 1 1.16 0.3007 0.72 1 1.69 0.2160 0.02 1 0.045  0.8349
X, X, 7.22 1 8.56  0.0118" 1.62 1 3.81 0.0730  15.68 1 35.43  <0.000 1 **
X 5.49 1 6.51  0.0241*  0.10 1 0.24 0.6293 4.08 1 9.23  0.0095"
X2 12.79 1 15.16  0.0018*  5.88 1 13.82 0.0026"  1.32 1 2.99 0.107 4
X2 3.42 1 4.06 0.065 2 0.54 1 1.27 0.2807 6. 68 1 15.09  0.0019*
=i 7.51 5 3.48 0.0577 3.43 5 2. 60 0.1106 2.30 5 1.07 0.4432
hk2% 3.46 8 2.11 8 3.45 8

¥l 104.90 22 56. 83 22 38.15 22

T ok FREIIL R (P<0.01) ; * FRHE0 583 (0.01 <P <0.05),

X R R 52 M0 34) Ay S ) AR I 00 A5 AR 11 52 i) 1)
ANEE X FEFRRTEE XX, X5 X, X
T R RN 2 A 8 3, X, XA R oAy o Ay
BSR4 20 AN {25 5 4 R 3R 0PI 48 A 52 il
() FE MU 1590 RUFLAMRE T A | T AR5 | AU AL
[l A, A 25 (a1 U5 Jy i 22 B3R e 4 1 AR DG 56
E RV 7 W = N RN v bl 1 e/ Q 1 =
ik
Y, =68.9 —0.6X, +1.2X, +0.6X, —

0. 04X,X, +0.02X; —0. 009X,
Y, =12.9 -0. 006X, —0.5X, —0. 1X, +0. 006X,
Y, =18.3 +0.6X, -0.7X, -0.5X, +

0. 06X,X, —0. 02X> —0. 1X3

(19)
Sk EDW 3BT PR 2R 18] 228 A FHCHRSG 8 B 1) 52 i
K FFH Design-Expert 8. 0. 6 B2 i H i 56 A
F AR 2 58 1A P ez e, an el 13 Fros
& 13a B0, 78 FL AN BE [hi i f 5 AL FL 1B A 2f
TN HERD A48 25 0 1 22 BAE ] 3%, Bt 5 AU LAk
R T £ 5 AL R A 2P A B 3, HERD S i R 2
LR S TS D N A Ak R e R L S RE T A
43.4° ~51.8° , BUALIEAI 420 3.3 ~5. 4 mm AT, HE
T 4 R A1 R B 13b A0, TR FL AR v fui 7 5 780
FLIB A 242 X6 HE Ao 7 426 5% ) 1) 28 B A R AR 3%
bt AL A1 T 10 £ 5 R0 FL B A 2 AR A 388 K, HEFD
TR R BN G B K B, Rl R Y R FL A aE
T g 43.4° ~51.8°, RIALIAI MR R 3.3 ~
5.4 mm B} HEFRERE R4AIK,
HRAE b AR A8 A o3 B vl 11 Bl O BT 1) 75

3.3 182
(b)
P13 DR ER ] 38 AR PGP RE S IR £ i 17 1 T

Fig. 13  Response surfaces of interaction among

factors on performance
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GIRRCEINWINITR R % Ul 6 DN
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A, DHF G R R R, Tt 5 E iR 5 il
LB bR, IELE A HERI 28 5 8 ~ 14 km/h VRV IS Y 5%
BIEH (16.7 ~29.2 v/min) , WX I 48 R #4701
Refirt, B AR RECS AR AR
maxY, (X,,X,,X;)
minY, (X, ,X,,X;)
minY; (X, ,X,,X;)

16.7 t/min<X, <29. 2 r/min
s.t.118.2°<X,<51.8°

3.3 mm=X,<11.7 mm

SRl 45 HERP AR AE TAER 3 M 16. 7 r/min K
FLAMEE T £ A 46. 9° RIFLIR M 2420 4.5 mm 1
AN, TAEMERE IR B AR, PR HER & 4% 5 | T 1%
RMEIERII NN 92. 4% 2. 4% F15.2%

itk —2 BRI A A 25 R HEFR 2 7 et 2
B RT3 WA G I 0 45 R BOF- Y ME, 1t
AFHE R A 5 % T % 5% R 4% R 40 )3k B 91. 6% |
2.8% 5 5. 6% B K I 45 SRR 22 5N, K
URIE 38 i e 171 051 21 A 3 36 10 1 45 SR B 8 o o
itk
3.4 HEFhiEgEEXT LI

BT LR IE R (25 5, Bk S X HERp 2
TERYFLAMEE I A1 B 46. 9° FIFLIRI 1242 4. 5 mm
AT, 5 I0Fh 7 A5 4 o R i 1% HE R 25 A A
S CHERR A8 43 BT AR 3l 8 110,12 14 km/h
HERRE BEXT HIR 58 . 7 1 SR8 2 1 S A
WAL T AR B4 % Y, S RRIE I S AR S5
FEC Gt SR, LA TEN IZ HE R 25 0 s AR
PERE.

H12E 6 T, B g ok S sCHERD #8 76 VE L 3R Sy
8 ~ 14 km/h L IE N, HEFD G 4% R85 T 90% |, I
BERINT 3% , EIFE LML T 8% , iR ILT
0.5% ,BREE IS AR 5 R BT 19% i 2 £ oK
K B AR ZESK 5 JC AR 35 HE b 2% 76 A0 [ 1
b TR LA HERR A A R IR T 87% , K 3
T 0.7%, ERE R E T 2%, BHEHLT
0. 6% ,BREEI S PEAS 3 RECIRT 23% ; 5341 B
15, ARXFF A TS VAR I HERp R B P e A
FUBF LA ZREL MELAVCECHE TR, SEGERM R A
£, [RTERE S BERCKE A1~ 1 2 B0 AL 1) B 0T e 28 2K
HR, Y R 8 km/h $2TFE 14 km/h B, JEHEF
T TCBE ST HER S ) B4 R 2= 5t 4. 8% LTt
E11.2% , BIEREFH6.8% L FE9.5%, ik
EF Ry e A I = IR (ER R R e R AN HE B N
ol A A5 s AR AT A SUHERD 25, S B

(20)

8 km/h i, Z PR T A HEM A B ROR 5 AT 85K
HERR 8 22 B0 HEMD SRR TH 1.3 A 70 0 Bk
PRI EIPEAR S REGE T 3.8 A J3 i (BFE 1R L
BEHR T 22 5 B W O TE R 14 km/h T HEFP 5 4%
HRYETE 9.8 A F 4 L, BRIE X &) AR S R R T
6.6 o3 s, 254 B S CHE AP 45 0 v 3 9 335 17
Pk
R6 BZMAEXMILRBER

Tab.6 Test results of bench performance comparison

%

TRl EE, A% Wik E9E B AR

w (km-h~hy F % K R R
8 9.6 2.8 5.6 0.13 13.5
. \ 10 9.2 2.8 6.0 0.22 14.3
SEMIARE L w4 25 71 027 167
14 9.4 1.7 69 040 18.8
8 86.8 0.8 12.4 0.29 15.6
I 84.0 1.2 148 0.33 17.9
12 824 2.4 152 0.46 20.3
14 80.2 3.4 16.4 0.51 22.8
8 9.3 6.7 3.0 0.16 17.3
10 8.1 7.1 48 0.25 19.7
AL HERN 2R

12 84.5 87 6.8 0.33 22.1
14 8l.6 10.3 8.1 0.41 25.4

PR, 45 0K S CHE Rl A5 i A i fr) HE R ORS
JE KRS E MR T IOV A HERh 255 A ) fe X HE
g , UEWIR D5 225 AR BOR | A 28 DRl
for L S AR ACR PTAE | R T i A v e
YEMLBE S, [ -t 158 B R 8 A b B R4 A 3

4 %L

(1) A EETEHLAR K HE D25 14 = A M P R, 42
HH ) R 145 5 BT R F LR B s ) T K 1 7 il
ERMHEAR B BT — A IR T B K
HERD A%, T8 R 2Rl | BURD 55T 38 B Al 1 254
SR,

(2) BP0 45 SR AR I R U 1A U Dy £ AR
B, XHHERD G R B R TR AR, B TR 14 1 1
OUTRATERTE 29. 1 A4 B 43 i IE I ER A5 2R R B, HE
Fh 2SS TAERL 3 M 16. 7 v/min , B FL /M 17 16 £
46. 9° 5RIFLEIfA2E 42K 4.5 mm W S1E T, PEfiEik
BN, HERD A A% R U HE 2R 5 R 0 0 R
92.4% 2. 4% 5. 2% , BribJ5 15 B HEFP G 48 % T
FERAERE R 9K 91.6% 2.8% 5 5.6% , %W
TE ARG Ak 45 A B A e A 1

(3) HER I B X He AR 56 235 SR 26 I, A A b 3 )
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8 ~ 14 km/h WYEEIN , LW TR AR A HEM & QRS AR LR RE SR B 30 T 06 R Y
IR T 90% , Itk RIMET 3% R T HEhaR S A5 CHERD A%, UE IR TRl 7 2 A8 I
8% AR RIIET 0. 5% ,AREIISIPEAR S 2 H0Y REEARERTH S AL RE Sy, (I B a8 R H
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