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Design and Experiment of Spoon Chain Seed Metering Mechanism of
Precutting Vibration Seed Feeding Cassava Planter

MOU Xiangwei' CHEN Lintao' MA Xu® XUE Junxiang' XIANG Jinshan'
(1. Teachers College for Vocational and Technical Education, Guangxi Normal University, Guilin 541004, China
2. College of Engineering, South China Agricultural University, Guangzhou 510642, China)

Abstract; In the earlier stage, a stepped vibrating seed sowing mechanism in the seed supply link of the
precutting cassava seeder was designed. In order to further realize the precision seeding of cassava seed
stems, a seed sowing mechanism was designed behind the stepped vibrating seed sowing mechanism to
complete reliable seed filling and precision seeding. However, it was blind to take a single kind of stem
from the cassava seed stem group that had been adjusted and sequenced through the seed metering
mechanism scoop, which was easy to cause problems such as missing filling and reseeding. The spoon
chain seed metering mechanism was further designed to solve the problems of seed filling difficulty and
low seeding qualification index of the current precutting cassava precision seeder. The working principle
of the seeder and the parameters related to the design of the spoon chain metering mechanism were
described. Based on the theory of the fastest descent line, the parameters of the seed scoops of the
metering mechanism were designed. The forces on the cassava seed stems and the motion state during the
seed filling and seed feeding process of the mechanism were theoretically analyzed. It was determined that
the significant factors affecting the seed filling performance were the type of seed scoops, the number of
seed scoops, the motion speed of the conveyor chain, and the seed filling angle. Single factor simulation
was carried out by using EDEM software, and the influence rules of different test factors on seed filling
performance were obtained. The response surface BBD simulation test was carried out to determine the
optimal factor parameter combination. The prototype seeder was developed for bench and field tests. The
results showed that when the seed filling angle was 37°, the number of seed scoops was 12, and the

moving speed of the conveyor chain was 0. 63 m/s, the qualified index of seed filling was 93. 8% , and
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the missed filling index was 1.9% . The field experiment showed that the spoon chain seed metering

mechanism of the pre cut seed vibrating seed feeding cassava seeder had better performance and it can

meet the agronomic requirements of precision cassava sowing.

Key words: cassava; precut seed type; precision seeder; discrete element method; scoop chain metering
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Fig.1 Schematics of whole machine structure of pre cut
seed vibrating cassava precision seeder
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Fig.2  Schematic of structure of seed scoop
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Fig.3 The fastest descending line of seed scoop
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Fig.4 Mechanical model of pre filling seed state of

cassava seed stem
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Fig.5 Mechanical model of filling seed state of

cassava seed stem
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Fig.7 Simulation model of cassava seed stem particle
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Fig.8 Seeder simulation model
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Fig. 9 Shape and structure parameters of different

types of seed scoops
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Tab.2 Simulation results of seed picking

performance of different seed scoops %
PR AR EAERAERC Y, WIRAEAY, EREHY
1 90. 45 5.90 3.65
I 91.48 4.87 3.65
1T 88.03 7.72 4.25
P RE B 4

Oy Mt 0 7 Ao X SRy 0 Ao 2 S ek RS A ) S Jeg S Al
ZEREAR XTI AR, 1 1% B A 75 B AR N A S A 25
ST M RS A 10 BEoR . ek W R 3
0 ol DX g S o 8 R B A ) 1 SR b 25 AR
X iz gk A o

W2

Fig. 10 Two monitors established by simulation test
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Fig. 11 Variation curves of backfilling quality and average
normal force of local stems in seed filling area with

different types of seed scoops
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Oy i — A I S 455 o ) e ok S0 o P RE 1Y B2 T AL
R AESC(14) PO Fp A B o 912,15 (18 4>,
PEAT BN ZAA . O B B AR AL B A A L, 45
AOF HEE 3 I BOF I, 45 R Ik 3,

B 57 R AT R B0, 52 BT Rl A A% 48 K080,
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FRECHE o S DR IR 2 i 70 B VR BE L B R 4D R0
9~1519,
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Tab.3 Simulation results of different numbers of

scoops on seed picking performance %
PiRh A B, SRR A AR R L I FE 48 5L IR
A4 Y, Y, Y
9 89. 05 5.87 5.08
12 92.09 6.09 1.82
15 87.45 9.50 3.05
18 85.43 12.31 2.26

3.3.3  Hik iz ohdE
O PRAIE 4% il 45 RE 8 75 5 16 ARl 8 B R IE R T
i ik s g B E 0.3.0.5.0.7.0.9 m/s, 3¢
FrEREOT 45 Rk 4,
x4 FRMEEEETEMEEAEER

Tab.4 Simulation results of different conveyor

chain speeds on seed picking performance %
ke iz, EAERIEE WRIEE AR
(m-s™") Y, Y, Y,
0.3 89.24 7.09 3.67
0.5 92.87 4.69 2.44
0.7 90. 05 6.90 3.05
0.9 85.45 12.72 1.83

Hi K 4 RIAL, 62 ks f s Sl S, SE RN A
e hE R B/ B B T e 45 B B OB 1
iR BEAS R 4 BE AR T, 7 FE M XK 25 25 5 B
b AT [ 14 42 fh 325 18] 3 52 Wi A 5 7o 25 55 5 R AT AN 02
By, TS 0 FE PR o Sk il — 2 4 B A T %
ik 128 Bfy 7 B T b VR E 19 52 i ML, R T EDEM J5
Ak Ry BE i A B 25 R A 1 b 3 1 g BE I )
A8 Al il 2, 1AL 12 7 o TR 2 ik i s ek 2
0.9 m/s A5 fh ¥k 1) 7 B B, B 25 52 5 Rl AT A
R IEAHM T M o PR UE TARRCR ISR R
SEVE ik s S 0.3 ~0.7 m/s.
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Fig. 12 Variation curves of normal force of cassava

seed stem contact at different conveying chain speeds
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Tab.5 Different inclinations of seed filling simulation

results of seed picking performance %
FRhif,  FERG AR R AL I 7548 5L BRI
(°) Y Y, Y3
30 89. 05 4.27 6.68
35 92.09 4.87 3.04
40 90. 87 6.09 3.04
45 85.45 10.9 3.65

2 YL W Bt 3 78 Bl A 30 I, Rk ks 1 B0k
ST R /I D DR R B A A 2 I, 8 B T 2%
38 S i 7, SR 0 R {E B 7 R0 A 0
T, 32 2y B AR K, ARG T 25 kA B Rl AT I LR
T FEAE BN o Bk — 25 0T R [R] 3 Rl A0 X 5 b
P BE 16 82 0 i 1 S (R 7S R A T Rl 25 R A kil
2N 13 R, FERBTAA O 45° I, b 25 R AR
AR, FERR AR 18 OB/ o N EIE TR 2R A A
R s T, FE R A R 30° ~40°,
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Cassava speed change curves with different

A 13
Fig. 13
filling inclinations
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Tab.6 Coding of factors
A%
T FE i Ffy / Pimp At R EEE g EE s
) A~ (m-s™")
-1 30 9 0.3
0 35 12 0.5
1 40 15 0.7

xRT REARSER

Tab.7 Experiment scheme and results

=) kS Y, /% Y, %  Y,/%
X, X, X3
1 -1 -1 0 88.2 0.6 1.2
2 1 -1 0 90.2 6.2 3.6
3 -1 1 0 78.6 7.4 14.0
4 1 1 0 87.6 8.6 3.8
5 -1 0 -1 8.0 1.4 7.6
6 1 0 -1 89.9 7.9 2.2
7 -1 0 1 91.6 1.3 7.1
8 1 0 1 90. 2 3.2 6.6
9 0 -1 -1 87.8 7.3 4.9
10 0 1 -1 80.3  13.0 6.7
11 0 -1 1 90. 4 3.1 6.5
12 0 1 1 91.1 2.6 6.3
13 0 0 0 92.8 4.0 3.2
14 0 0 0 93.7 4.5 1.8
15 0 0 0 93.2 2.8 4.0
16 0 0 0 93.4 4.1 2.5
17 0 0 0 92.5 2.8 4.7

RRAE R T K45 R AT SRR S M 15 K0S T e AR
5 220 Fr AR ISR 8.9 i o
R8 RMEREBFHEABREFTESH

Tab.8 Variance analysis of regression model of seed

filling qualification index

P SRR A HE ¥or F p
H Y 347. 61 9 38.62 39.38  <0.000 1
x 42.78 1 42.78 43.62  0.0003
%, 45.12 1 45.12 46. 01 0.0003
X, 73.81 1 73. 81 75.26  <0.000 1
X, %, 12.25 1 12.25 12.49  0.0095
X, %5 26.52 1 26.52 27.04  0.0013
Xy %3 16. 81 1 16. 81 17.14  0.0043
2 40. 40 1 40. 40 41.19 0.000 4
% 63. 14 1 63. 14 64.38  <0.000 1
b 14.37 1 14.37 14.65  0.0065
e 4L T 5.96 3 1.99 8.75 0.0313
R 22 0.908 0 4 0.2270
B 354.48 16

MR R o A 45 2R Sr e S AR AR R Y,
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Tab.9 Variance analysis of regression model of

leakage charging index

K FIOr R A HEE ¥5or F P

R 95 180. 92 9 20. 10 10.57  0.0026
x 3.38 1 3.38 1.78 0.2243
%, 25.92 1 25.92 13.62  0.0077
X 108. 05 1 108.05  56.79  0.000 1
%)%, 4.84 1 4.84 2.54 0.1547
X, %3 7.29 1 7.29 3.83 0.0912
X, %5 9.61 1 9.61 5.05 0.059 4
i 2.40 1 2.40 1.26 0.298 4
% 7.17 1 7.17 3.77 0.0933
b 10.18 1 10.18 5.35 0.0539
2 35 10. 83 3 3.61 5.79 0.614
12 2.49 4 0.6230

ol 194. 24 16

FEAREY, H AR YT xy v, a Z A Y T R
Y, =93. 12 +2.31x, -2.37x, +
3.04x, +1.75x,x, —2.58x,x, +
2.05x,x, —3. 1x; =3.87x> —1.85x;  (21)
Y, =3.64 +0.65x, + 1. 80x, —
3.68x;, — 1. 1x,x, +1.35x,x, —
1.55x,0, +0.755x7 +1.3x> +1.56x>  (22)
Y, =3.24 —2.96x, +0.575x, +0. 64x, —
0.65x,x, +1.23x,x, —0. 50x,%, +
2.34x] +2.57x> +0. 29« (23)
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Fofr A TR R0 FE RN AR Ry 2 AKF-, 22 AR . 14 it T

Pz

72555

Illl’;"
o

FER GRS TREU %

e
om-r-csti\’#

1010 !
(b) x,=0 (c) x,=0

P14 X PR3 0o o 6 8 A 5 T A ) 3 17 T

SEH MR, A il 06 DR 28 0T 5 5 s i 508 T 7 4R
By 52w AL, g 14 Fro . f# 8.9 W, B
HEFPHLAL FE 5 46 H8 B PR 0O A i ik e i
BT B AR LA SE R A 5 el T TS 4R B0
PR F2 R Ay i % B 12 3 R 5 b A BicE DL K
FEFMBUA .
3.4.2 KSR Hirftfe
N T AR AL S B A TAE S E, SE B
0] A FVCC 2 52 5 A% 18 B G e, DLRE RN &
FEARECY B R I TR B Y, /NS E SR AR R Y D
VSRR TNIE R NS &)
maxV, (x, ,%,,%;)
minY, (x, ,x,,%;)
minY, (x,,%,,%;) (24)
-l<sx <1

st —lsx, <1

-l=sx, =<1

SR FH 2 T 0 R B2 AT X A ok Bk AT A AL
SRAG SIS R 37, 04° BRI ATRCR N 11,7 A i
KA iz 2 B A 0.627 m/s B, 8 AN G A% 4R R
94.3% ,JRFFEHH 1. 8% , T HAEH ] 3.9% .

4 BEiEseKR

4.1 AZRIEAR

S B8 A7 L6 v A M LA S R BILA Al T
P BF A D0 MR Bl At b 3OR SERG 4 H Al
PLHEAT IS o IR TS O B — B A 4 5 R

N3
W

=3
S

TR A
z 3

~
W

—_ =

R F R B %
(=3 CHE = Y Rl

Fig. 14 Response surfaces of test factors to test indexes
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Tab.10 Seeding performance comparison results %

i Y1 Y2 Y3

R 09-26 91.4 6.8 1.8

ik 048 93.7 4.6 1.7

451 205 92.3 5.2 2.5
5 g

(1) B3t T —Fh L) R 2 AL A R R Rl 2540
FEHERMBLAL o 35 T fi o A 4 B X 455 b A AT,
FEXF HEFP AL 70 R0 R4 T it A AR S 25 57 g Fitiz ik
BIEAT AT, 3 H 5 HLAG P B 35 2R A3 e B
AT Kk B R B R TR

(2)3F EDEM #5371 A 2 Fp 254746 HEFhbL
P e RO A B WOOC B AL, DL TR R A A FE B U T AR
B IR BON I AR AR HEAT B Z G, 45 R R W
PRI FIAT T, 5 R AT R 9 ~ 15 A4S SRR £ o
30° ~40° Kk s s E N 0.3 ~0.7 m/s Z8BAL
AP 91 [ 5 3 38 w7 T BBD 3 56 1 o £ P PR 25 5 8k
A Y 37. 04 BRI AT B 11. 7 A Hi ik
HEIZ B 0. 627 m/s B, RS A HEECH 94. 3%
W AR R 1.8% .

(3) WA FEDL AT T H 425 1R . 7
REHESHAGT, BT A ECh
93.8% ,IWFCIEHC N 1.9% , W 1) ik 56 5 W 76 1% A
A S HH A T R A R T R B R A R
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