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Improved Design and Experiment on Pickup Finger
Precision Seed Metering Device

Wang Jinwu Tang Han Zhou Wenqi Yang Wenpan Wang Qi
(College of Engineering, Northeast Agriculiural University, Harbin 150030, China)

Abstract: In order to meet the requirements of precision planting, pickup finger precision seed metering
device was designed, which can perform operations of seed clamping, seed vibration cleaning and seed
flexible guiding. The optimal designs of structural parameters in key components, such as the pickup
finger, the vibration cleaning area, and the zero speed guiding belt, were conducted based on the
analysis of working principle. To improve the working performance of the metering device and obtain the
best operation parameters, the quadratic general rotary unitized design was carried out with the rotational
speed of seed meter and the wire diameter of spring as the experiment factors and the seeding qualified
index, the relaying seed qualified index and the missing seed qualified index as the experimental indexes.
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 when the spring’ s wire diameter was 0. 77 mm and the rotational speeds were less than
19. 2 v/min, the seeding qualified index was 86. 90% , the relaying seed qualified index was 9. 62% , the
missing seed qualified index was 3.51% , the improved metering device exceeded the original one by
13.5% in terms of the seeding qualified index, the damage rate of corn seed was 0. 4% . On this basis,
metering adaptability test was carried out which proved that the pickup finger seed precision metering
device had good adaptability to corn of big flat dent, which met the requirements of precision seed
sowing.
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Fig. 1 Pickup finger precision seed metering device
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Fig.2  Diagram of pickup finger
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Tab.1 Overall dimension of corn grain  mm
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Fig.3 Diagram of clamping states in different phases
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Fig.5 Diagram of force applied to pickup finger
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HI TR M A — 2, I A5 T e e 1 (wt +
0) WAL (O, m) WARAE . MR A BT DR JECHE, X 448
[ J1 AT o0 i

Gsin(0 +wt) +F, =mRew’ (4)
Gsin( 0 +wt) +uP, =mRw’ (5)
p _mRa)z—Gsin(wt+0) (6)
N — ,LL
X (6) #AT ZBrok S5
d szﬂ(zkﬂzgsm(wwa)) (7)
dw M
K G——F KNPRi sz E S, N
F 5JedfE )y N

Fy——HERh B 1 BE S, N
Fy——HERp AR [ BE45 ) N
T—— T KAPRL 0T, N
m—— LKL AL, g

o—FE e, (°)
R f iz Bl B A~ 4% mm

PR 5 A 25 T EE 4 R K
——RFFHERIE ZTA] s
(7)) sin(wt +6) FHRTFZ, Rt A] H E
B FEORT R R R B M i ZOoE B r
Al 0, B AR O i, Rt s 1 e/ 1
Ko
A1 (3) FI(7) AR, 45 Je S Fp Ik RE 5 AR 4%
O SR ) S BORKPRLR T SR A K
WA SCAE G B Bte B AR s R el 58 B ) A
R, HEATIEA R 4 ik ey, A e R AR AL
SR AEDCIER AT HEROE IR I, A B A e
R 2 TR HERh e 0 AN RIS RS RPRE MR O
2.4 FIRIHX
O AR b R 3, 4R i APl B, ZEHERP A
BB M AN I3 R 3 X, 55 36 B A
FE I Rl DX, 42 i HERR e 0 AR RCR . WAL 7 By



72 KAk MO ¥ R

2015 4

N B RIREH DAL T HERh BRI E B T7, lT AR
RAFPZHm M A . 98 Je e Fpkrhiz g 24k 3l
DX [UT i Fh RSl XA R 1) B AR 2 A
FEASHPRLSZ T3 77 1] i T AR A R 3R A A8, T
H 20, Sl S AR, B B
TG BRI AN 0 22 Ak PRL, S8 TR Rl 7

B 7 iER XN EE
Fig.7 Diagram of cleaning area
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Tab.2 Coding table of level and experimental factors

i A,/ (rmin ) FBRALER x,/mm
1.414 33.7 0.94
1 31.0 0. 88
0 24.75 0.73
-1 18.5 0.58
-1.414 15.8 0.52
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Tab.3 Results of tests
[EETISES

PEREFE bR

o AR~/ et
y1/ % y2/ % y3/ %
(rmin~") X,/ mm

1 18.5 0.58 72.56  18.42 9.02
2 18.5 0. 88 71.15 12.32  17.53
3 31.0 0.58 81.96 14.10 3.94
4 31.0 0. 88 73.74 8.17 16. 09
5 15.8 0.73 79.10 12.70 8.20
6 33.7 0.73 88.28 7.57 4.15
7 24.75 0.52 76.47  18.93 4.60
8 24.75 0.94 67.33 9.90 23.77
9 24.75 0.73 84.32 10.12 5.56
10 24.75 0.73 82.09 10. 95 7.98
11 24.75 0.73 81.13  10.17 8.70
12 24.75 0.73 82.46 9.50 8.04
13 24.75 0.73 81.82 11.63 6.55
14 24.75 0.73 85.10 9.30 6. 60
15 24.75 0.73 82.73  11.09 6. 18
16 24.75 0.73 80.77  10.58 8. 65
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Fig. 10  Response surfaces of all factors on seeding qualified index

(a) ARIEEL (b)) EHHEE (o) WEREL



oM

FAR 5 PRI I TORHERP 8 S0 BT 515 75

HEREFEECN 9. 62% , ImHEHEE R 3. 51% . RIEEIL
SRR IR, A EC 88. 12% , HFRTE 4L
H7.82% ,IHEAEE 4. 06% , S LS, RIEA 3,
TRZETEATHEZ U N . DA% 19. 2 v/ min | i #F 3
JZ 8 km/h TH0F BYIRS0 45 3 5 SR [ 18 ] b B4
Je X HEFPERIET T IR REXT L, HHERD A A FE B & T
13. 5% , 3085 B $5 A5 Ak 3 2he B8 I A5 A b i 41 %
$70.4% ,HF TB/T 10293—2001 { s (4585 ) #& Fb
BLECARZEAE) thabs , 6 e R B R A oK
3.6 HEFRE R MEIRIE

TEIE S A R0 0 o A TAES O I,
S FE HER R X AN [R] 36K i P 3 7 15 450, 4T HEFep
arid PRI . e 3 FIAS [F] AP KRR (AR AR
253 fEEW 1 %5 FERT 5) ISR XIS, AR R T
R R, 7E%E 3 19. 2 o/ min i #E 3 EE 8 km/h
THCF AT 5 E IS, #- T 8s Ab - M
=k 4 Frs.

R4 BEEMHRBER

HIZ% 4 Al 1, HERR 2R Xt 3 b 5K i b i oz P 2
A A FE PP A R AR 253 (B K i
) WS PR, $8 e R R R E , B TR A, Ik
PEREFEAR Il A 7 5 (5 [ L) £ FE ol
T Oy MBI R 2R GE  FPRLT S TR 22 , T Rl AN
JiG, 5 3 R LR

4 s

(1) 383 e 5 7o/ R Bl vE T b 2 vk M 45 7
2, BB T — i e 0GB R HERP S , % H T
VR T 4307, oA BT SCSEER AR 2540 2288, W 2
FORLAR G | R A & BN AR 2K

(2) R W IE A e & il g, g ik
Pt REHE B 5 00 2 5B BR 2 A AR Sa a7 gty T
Pl B LA 1 PR 30 b Wi B AN 28 HAE G
B AUR SIS R EEA 2L

(3) iz F Design — Expert 6. 0. 10 {4 X} 56 45
RT3 X AR AR AT 2 R AL, 15
TAERE#E M 19. 2 v/min, JEE 22424 0. 77 mm B}, Hf

Tab.4 Results of suitability tests %
T BT BRSO 88. 129 , TRFHERON 7. 82% , I 15
i ARAEH RN WRIENR $hy 4.06%
AR 253 91.65 3.34 5.01 (4) PEATHERRE M 105, 2 B HERD 48 X R
R 15 88.12 7.82 406 Lo B FOKFPRL R AT B G 3 1, 6N 2 R
ESV SIS 84.53 11.93 3.54 5&2%*0
& £ X #t

U Tk, EAEN, 5. KR A g Bt 5K [ 1] R LR 4z ,2015,46(5) .33 - 38.
Zang Ying, Xing He, Wang Zaiman, et al. Design and experiment of shield device on rice pneumatic metering device[ J].
Transactions of the Chinese Society for Agricultural Machinery,2015,46(5) ;33 —38. (in Chinese)

2 DR AR, WA, AR WS NE N R T SOR EHER AR LT ). AL WU 41,2014 ,45 (1) 246 - 52.
Cong Jinling, Yu Jiajia, Cao Xiuying, et al. Design of dual-purpose pneumatic precision metering device for rape and wheat[ J].
Transactions of the Chinese Society for Agricultural Machinery,2014,45 (1) :46 —52. (iin Chinese)

30 XU, B, KA, SE. AU LS IR AR R [T ] ARV HLR 41z ,2012,43(2) 143 -47.
Liu Jia, Cui Tao, Zhang Dongxing, et al. Mechanical-pneumatic combined corn precision seed-metering device[ J]. Transactions
of the Chinese Society for Agricultural Machinery,2012,43 (2): 43 —=47. (in Chinese)

4 LW BRiEVE, El . DNIXE RGBT ] Rl TR, 2010,26 (FEF) 1) 29 - 12.

Jiang Feng, Chen Haitao, Wang Yecheng. Design of insert-metering device for sub district breeding seeder[ J]. Transactions of the

CSAE, 2010,26(Supp. 1) : 9 —12. (in Chinese)

5 I, AR X EE. BT ADAMS pA NIRRT HER AR 9 S 05 E [T ] ARBLERTFE,2007,29(6) - 146 — 148.
Guo Xuefeng, Li Chenghua, Liu Yujing. Dynamic simulation for disk-scoop-type precision metering device of maize based on
ADAMS[J]. Journal of Agricultural Mechanization Research, 2007, 29(6) ; 146 —148. (in Chinese)

6 BUULE, B, ST AL XM AT HER AR RO SRR IR [V ] R AU ,2015,46 (1) 160 —65.
Jia Honglei, Zhao Jiale, Guo Mingzhuo. Design and performance experiment on double-concave surface rocker typr seed metering
device[ J]. Transactions of the Chinese Society for Agricultural Machinery,2015,46(1) :60 —65. (in Chinese)

TR BUEE, B, S RS RRR LGN B R HER AR [T ] ARV, 2013 ,44(8) 78 - 83.
Zhao Jiale, Jia Honglei, Jiang Xinming, et al. Sunction type offset double disc seed metering device of soybean seeder [ J].
Transactions of the Chinese Society for Agricultural Machinery,2013,44(8) ; 78 —83. (iin Chinese)

8 ALl KEHERN SRR BT S TR R E AT [ D). KA i pROR2#,2004.

Li Hong. Digital design and simulation analysis of working process for the precision seed-metering device[ D]. Changchun; Jilin

University, 2004. (in Chinese)


http://www.j-csam.org/ch/reader/view_abstract.aspx?file_no=20150506&flag=1
http://www.j-csam.org/ch/reader/view_abstract.aspx?file_no=20140108&flag=1
http://www.j-csam.org/ch/reader/view_abstract.aspx?file_no=20120209&flag=1
http://www.j-csam.org/ch/reader/view_abstract.aspx?file_no=20150109&flag=1
http://www.j-csam.org/ch/reader/view_abstract.aspx?file_no=20130814&flag=1

76

B A R A= S 2015 4

9

10

11

12

13

14

15

16

17

18

5. T EDEM — FLUENT #5& i) UGG TAR SRR OT H AT [ D] KA poR2#,2013.
Xin Nan. Simulation analysis of working process of air-blowing seed-metering device based on coupled EDEM — FLUENT[ D].
Changchun; Jilin University, 2013. (in Chinese)
Coskun M B, Ibrahim Yalcin, Cengiz Ozarslan. Physical properties of sweet corn seed ( Zea mays saccharata Sturt)[]]. Journal
of Food Engineering, 2006, 74(4) . 523 —528.
WsR I SEtE W , i A5 B RERBILIURE B A B R R s B H S PERe g [T ], AL =4z, 2014,45(6) .79 - 84.
Yang Ranbing, Chai Henghui, Shang Shuqi. Performance of metering device with decline with declined discon peanut seeder[ J].
Transactions of the Chinese Society for Agricultural Machinery,2014,45(6) ;79 —84. (in Chinese)
IR, R S M. R K B SR 2 HE AR LA BT[] Al A4 ,2003,19(2) :109 - 113.
Liao Qingxi, Gao Huanwen, Zang Ying. Experiment study on the cell of the horizontal plate precision meter for corn seed[ J].
Transactions of the CSAE, 2003, 19(2) :109 —113. (in Chinese)
JAIAH R ERAET AT 45 e F ARG BRI HERN R [ ] AR U412, 1986,17 (1) :47 - 53.
Zhou Zuliang, Qian Jianke. The structure design of the picker finger seed metering units of precision corn seed drill [ J].
Transactions of the Chinese Society for Agricultural Machinery,1986,17(1) :47 —53. (in Chinese)
FUER. iR SRR [ D] KA MO, 2010.
Li Honggang. Bionic pinch of metering device[ D]. Changchun:Jilin University, 2010. (in Chinese)
AP, 2, NG AL , 55 SRR AN RRG BEHERN R [ ] Ak TR 4 ,2011,27(12) :38 - 42.
Fu Wei, Li Shufeng, Sun Jiayi, et al. Design of compulsory clamp-type precision seed-metering device for corn[ J]. Transactions
of the CSAE, 2011, 27(12) :38 —42. (iin Chinese)
WR2e B il S aCHERp A U SRR B i BT SRR [ T] . ROl T4 ,2012,28(22) .8 - 15.
Chen Xuegeng, Zhong Luming. Design and test on belt-type seed delivery of air-suction metering device[ J]. Transactions of the
CSAE, 2012, 28(22) . 8 —15. (in Chinese)
EIEME, AR, B, A NGO SR A AR A [T ]. AR ,2012,43 (3 T]) .54 - 58.
Wang Yanyao, Li Jiandong, Wang Dongwei, et al. Orthogonal experiment optimization on air-suction precision seed-metering
device[ J]. Transactions of the Chinese Society for Agricultural Machinery,2012,43 ( Supp. ) : 54 —58. (in Chinese)
XIS f, XS R, A FRNE B SR PEREXS LUK [T ] RALIEHITSTE ,2011,33(4) 155 - 157.
Liu Lijing, Liu Zhongjun, Li Changrong, et al. Comparative experiment on corn spacing seed feeder[ J]. Journal of Agricultural

Mechanization Research, 2011, 33(4) . 155 —157. (in Chinese)


http://www.j-csam.org/ch/reader/view_abstract.aspx?file_no=20140613&flag=1
http://www.j-csam.org/ch/reader/view_abstract.aspx?file_no=2012s11&flag=1

