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Optimization Design and Experiment on Clamping Static and Dynamic
Finger-spoon Maize Precision Seed Metering Device

WANG Jinwu TANG Han GUAN Rui LI Xin BAI Haichao TIAN Liquan
(College of Engineering, Northeast Agricultural University, Harbin 150030, China)

Abstract: A clamping static and dynamic finger-spoon maize precision seed metering device was designed
based on limited guiding principle to improve the performance and adaptability of maize seed metering
device and meet the requirements of precision planting. The overall structure and working principle of the
seed metering device were illustrated and analyzed. The optimal design of structural parameters of key
components was conducted, such as the finger-spoon plate and the limited guiding assembly. The single
factor tests were carried out with rotational speed and adjustment dimension as the experiment factors.
The average seeding qualified index and the seeding coefficient of variation were chosen for evaluating the
seeding performance. The results showed that the clamping finger-spoon maize precision seed metering
device had good adaptability to four different types of maize seeds. To improve the working performance of
the metering device and obtain the best operation parameters, the quadratic general rotary unitized design
was carried out. Based on experimental data, a mathematical model was built by using the Design-Expert
6. 0. 10 software, the experimental factors were optimized, and the best combination was achieved. Test
results showed that as the rotational speed was 30. 5 r/min, the adjustment dimension was 12. 0 mm, and
the seeding qualified index was 88.41% , the seeding coefficient of variation was 12.32% , which could
meet the requirements of precision planting. The results can provide the guidance and direction for the
design and development of high-speed precision mechanical seed-metering device.
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Fig.1 Structure diagrams of clamping static and dynamic

finger-spoon maize precision seed metering device
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Fig.2  Structure diagram of finger-spoon plate
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Fig.3 Effect diagrams of maize seeds grading
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Tab.1 Geometric dimension parameters

of maize seeds mm
K i [T

Fer
W W2 W R B b

KR 12.35  0.83 9.24 0.92 4.70 0.87
RIE/ANVR. 10.67  0.75 6. 40 0. 81 4.01 0.91
B Ak 11.03  0.73 10.45 0.6l 5.43 0. 80
BNk 7.29 0. 81 6.31 0. 69 3.52 0.78
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SRS 0 B 2% 28 B, DR AR B B 6 1.
SRRIFL O, RSB AR R X0V, IR 5k £
REFE A A AT 5 ) ST B S ) R 2 5
BORBLFESS) F, WIS T L0457 Fy B
FER T I 6 B 507 F oy S S A AT SR ) P
ST RE R S) F o 3541 BFZ B ) P PR
AJE SIS G ST L AR B DU B, 5
TEESHOES ESENIER S BIE SR )

Fgsina + Fycosa+ Fg =G cosB+F, +F,
{FSICOSOl +F,, =F, sina + G sinB )
Hrp Fo=pFy
Fo=uFy
F, =kAx (4)
F, =mwR,
Gy =mg
X m, e ag AR g

g_Eﬁﬁﬂiﬁ&iﬁ ,m/s2
k TR 5038 ) B R %, N/ mm
Ax T 53 A 45 A8 JE &, mm

8 AT L e H% A1 R, rad /s

Ry ——3 I8 AT % A%, mm 3T AL Jo

L] 5] A A

B— B AR ATHERe [ JA A1, (°)

o B IR AT T K b1 ] JEE 45 D K

o301 JE $5 ] 1] JEE 3% D %K

TESE AR b, DL TR BF 50 R AT Sy

L R &IPS S PSS ES PN NN P
FRAJIFFEESE ) Fy E RARARAFIE S F oy E T
TRAVIAFEESET) F oy b7 T2 85001 Fo, WA A
HE S G ICRE T A5 PR UE P 1 91 A2 Je 5 91 i
718 Ja e % 32 8l , 00 i b 3~ 32 2l B I vk L D) 7
lis) W 3% 3 F-#i , FLA% 7 8] 10 1 A2

F,cosa + Fgsina — (Fy cosa + F sina +

w

G,cosB) =F,
Fy sina + Fcosa = G,sinf + F ,sina + F cosa
(5)
Hrp Fo=mFy

2
Fo,=m,w R,

Fp=JF5 +F
G, =m,g
X m,——FRFh T, g
R,—— T Kb 7 il % 2 4%, mm, 3 A0 g Jog
R BRI

K (3) ~ (6) G IR BT L AT 15

,u,]az)sz +u,gcosB — gsinf (7)
w R, + gsinB + u,gsinf

H1 T HE R & B R A5 A BR A, 45 A) b £ [ R B AR
AR R, BERE M A~ AR (BRI T OK Bl 1 e 5% 2F
2R,y 185.0 mm , MR 45 e £ 78 Bl £ B2 25K 0] 41 5l
S A A e e 18 B < 90°, B ML AR b e B £ o
we (1.5,5.3) rad/s, %1 [a] BE 45 DA B 1E €, F L
HRZHAAARKX(T) b, /5 AT Frise it 48 A M
VIR MA A o« /N T 33.8°, DIRIE 15 A7 F Fa 3k
FrfEall o MREEC(L) (7)) B E KT 5 RoF 24, i
TEAE AT T DT AR A« S 307, 48 AT e R A T
WEE Ly 13.5 mm, §8 4] e #5 4 A SEE W oh
7.2 mm,
2.2 RSB
2.2.1 [RAZS5| R

RS HEF R R AR A R IR S A LA
OB HR A HERP AR 3095, AR SCR Fl M e 2 A 55107
AMACBT TERALF 5 S8 6 P, RS
B Tk TR A A e R R R R IR
BRI FERLAT CORARTE ) S5 W0 F A SEPrfRal i,

(6)

o < arctan



52 & A Bl B ¥ i

2017 4

A REE LIRS S LRI Z2 NI I -3 i B U T E S A
TR L4 ] 8] 2 43R 0 7 B, SO SE R XL B AR T AR
EFR DO B, S A BRAAR A, a2 T 3
TR RGN TT AT AR AS ] o 8 ) Fh B B A 5
SMNEC B IR SN IB R BAR TR & SN, IR
G I RE AN By, i ) o 5 B HE R il T e A% a2 2
M 1o A A T 5 R I R A A S B Bl e 4 AT Y
Pt g Je i o

F6 MRAFE5IBMEEARRER
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Tab.3 Experiment results of maize seeds with different types under different rotational speeds %
T AR/ it JE KL it JE 7] B B K kL ] /)N L

(remin~") FER Sk A5 5 R A B 5 B R 5 R FER Sk R 5 R FER Sk A5 5 R A

15 90. 67 12.59 92.98 11.09 94.12 9.01 88.09 14.21

20 89.26 13.91 91.11 11.51 92.50 9.98 87.38 14.75

25 88.33 14.07 90. 08 13.01 91.52 11.21 86. 75 15. 65

30 84.01 14.75 86.53 13. 86 88. 81 12.33 83.57 16. 64

35 83. 10 15. 65 85.00 14. 84 87.29 14.02 82.31 18.35

40 82.03 17.36 82. 80 16. 28 86. 12 14.97 81.73 19. 87

45 81. 60 18.76 82. 10 18.35 84.21 15. 13 80. 30 21.67
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Tab.4 Experiment results of maize seeds with different types under different adjustment dimensions %
45 R /mm i T KL it T /N KL [ZIFIPNA [B T2 /N

FERi: Sk B R FERi: Sk B R RERi: Sk B R FERi: Sk B R

0 81.78 16. 26 86. 12 15.94 85. 04 14.99 83.09 17.91

4 82.32 15.90 88.02 15. 80 86. 12 14. 05 85.12 17. 11

8 83. 67 15.08 87.13 13.09 87.31 13. 86 84.34 15.02

12 84.01 14.75 86.53 13. 86 88. 81 12.33 83.57 16. 64

16 86.99 16.92 84.96 16. 52 90. 12 15.08 82. 64 18.18

20 85.21 18. 04 83.20 18. 81 87.02 16.97 81. 62 20. 31

24 84.59 20. 67 81. 69 19.95 85.56 17.24 80. 01 22.03
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Tab.5 Results and design of tests

I E R PERETR bR

= T A e & 3l i R R A5 5 R A
X Xy S/ % C/ %
1 -1 -1 88. 98 12.51
2 1 -1 85.78 15.99
3 -1 1 90.79 15. 15
4 1 1 86. 50 16.23
5 -1.414 0 94. 12 9.01
6 1.414 0 84.21 15.13
7 0 -1.414 85. 04 14.99
8 0 1.414 85.56 17.24
9 0 0 88. 81 12.33
10 0 0 89.02 13.11
11 0 0 87.23 13.96
12 0 0 88.38 12.79
13 0 0 89. 18 11.91
14 0 0 87.48 13.90
15 0 0 90. 39 12.20
16 0 0 90. 98 11.28
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