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Design and Experiment of Reciprocating Roller Precision Seed Stem
Metering for Giant Juncao
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Abstract; Aiming to achieve orderly seeding of giant Juncao seed stems, enhance seeding efficiency and
accuracy, and prevent damage to seed buds, a reciprocating roller precision seed dispenser for giant
Juncao seed was designed. This device consisted of a reciprocating seed feeding mechanism, a roller seed
dispensing mechanism, and seed guiding components. Based on the physical characteristics of giant
Juncao seed stems in the Northwest region and the agronomic requirements for planting the stems,
theoretical analyses were conducted on the processes of seed feeding, dispensing, and output of the
device to determine the structures and parameters of key components. The working process of the seed
dispenser was simulated by using the EDEM method to analyze the forces and motions acting on the
stems, confirming that no damage occurred during the seed feeding phase. Using seed filling rate,
clogging rate, and qualified planting distance as experimental indicators, a second-order regression
orthogonal rotary combination simulation experiment was designed. The optimal structural parameter
combination for the seed dispensing roller was determined to be: groove depth of 16 mm, groove width of
24 mm, and surface spacing of 7 mm. The optimal structural parameters for the seed output port were as
follows; side plate inclination angle of 45°, opening width of 45 mm, and opening length of 30 mm. To
determine the best operational parameters for the seed dispenser, the qualified planting distance rate and
the variation coefficient of planting distance were used as experimental factors in a second-order regression
orthogonal rotary combination test. The results showed that when the rotation speed of the seed dispensing
roller was 11. 57 r/min, the height from the seed discharge port to the ground was 191. 56 mm, and the
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inclination angle was 35.77°, the qualified planting distance rate reached 96.4% , with a variation

coefficient of 9. 98% . The working performance of the seed dispenser met the agronomic requirements for

giant reed planting.

Key words: seed stem of giant Juncao; seed dispenser; reciprocating roller; parameter optimization
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Fig. 16  Simulation of seed dispenser operation
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Fig. 17 Displacement curve of a single seed stem
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Tab.3 Orthogonal experiment factors codes

il HERRMRE HHBE o5 SRR SR
(remin~") mm )
-1 10.0 150 32
0 12.5 200 34
1 15.0 250 36

K N, —— B R
N,——[E] A5 Foh 25

PRI AR 5 22 B AR R (R 34 510 8 5 &R
BOBE AR, B R 25 PR IR R BB B R AT 2 IR
Z LB RR A 5] RE AR S A —
4.3 RWER

17 4R 5 2 L AE TN 4 s (45 5 A%
SRR AR X, X, X, AR RGS(E

x4 RBEAREER

Tab.4 Experimental design and results

Fae X, X, X, Y, /% Y,/%
1 -1 -1 0 94. 4 12.22
2 1 -1 0 89.2 14. 42
3 -1 1 0 91.3 11.58
4 1 1 0 87.8 15.91
5 -1 0 -1 93.7 10. 83
6 1 0 -1 90. 4 13. 81
7 -1 0 1 96.4 9.82
8 1 0 1 92.3 12.22
9 0 -1 -1 93.9 11.22
10 0 -1 88.6 14. 82
11 0 -1 1 94.6 10. 24
12 0 1 1 95.5 12.02
13 0 0 0 94.9 11.08
14 0 0 0 94.4 11.25
15 0 0 0 95.5 10. 08
16 0 0 0 93.8 11.35
17 0 0 0 94.9 10.76

i F Design-Expert ZUH5 4 AT 5 4 HE 47 AR B &
M FRR I AR S5 BB 22001, a5 R nk 5 Fisk 6
iR
PREE G A% R Y, SR i R B, 4 PR (el A
AR 22 K A AR
Y, =94.7 -2.01X, —1. 11X, +1. 52X, +0. 425X, X, —
0.2X, X, +1.55X,X, —1.99X> 2. 04X> +0. 487 5X*
(18)
SRR AREE S A% R A ALY P {E/N T
0.05, RUIZAT HAT B F NG #E L, EilR
X, X, X XL XS XX, GTRREE A 4% R 11 5%
M b R S 3 5 AR, R P KT 0. 05, Ui A%
R B R AT,

RS KREAGWERTESN

Tab.5 Variance analysis of qualified plant spacing rate

FEFKW FHEM O AmE A F P
Fi 107.70 9 11.97  28.32  0.0001
X, 32.40 1 32.40  76.69 <0.000 1
X, 9.90 1 9.90 23.43  0.0019
X 18. 60 1 18.60  44.04  0.0003
X, X, 0.7225 1 0.7225 1.71  0.2323
XX, 0.160 0 1 0.1600  0.38  0.5578
X, X, 9.61 1 9.61 22.75  0.0020
X 16. 63 1 16.63  39.37  0.0004
X3 17. 48 1 17.48  41.37  0.0004
X3 1.00 1 1.00 2,37 0.1677
B2 2.96 7 0.4225

PRIV 1.34 3 0.4458 1.10  0.4460
R 1.62 4 0. 4050

A 110. 66 16

#:0.01 <P <0.05 F/RFZMEE, P<0.01 TRk EE,

T,

FR6 HETRARHFTESN
Tab.6 ANOVA on coefficient of variation of plant spacing

FEFKWE FHEM O AmE A F p
T 45.57 9 5. 06 8.96  0.0043
X, 17.73 1 17.73  31.39  0.0008
X, 4.85 1 4.85 8.59  0.0220
X, 5.09 1 5.09 9.01  0.0199
X, X, 1.13 1 1.13 2.01  0.1994
X, X; 0.084 1 1 0.0841 0.15 0.7111
X, X, 0.828 1 1 0.8281  1.47  0.2653
X2 5.20 1 5.20 9.21  0.0190
X2 9. 69 1 9.69 17.15  0.004 3
X2 0.503 3 1 0.5033  0.89  0.3766
Bk 2% 3.95 7 0.564 8

JATH 2.90 3 0.9682  3.69  0.1197
w2 1.05 4 0.2623

A 49.52 16

PRIFAS 5 22880 Y, Ry i 1, eR AR, 25 PR3 iy

SRS IV EATE TR W )
Y, =10.9 +1. 49X, +0.778 8X, —0. 797 5X, +
0.5325X,X, 0. 145X, X, —0. 455X, X, +
1 11X7 +1.52X; -0.3457X; (19)

ZEREH] . BRI A A% R AR P RN T
0.05, BRI A B EE XL, 7RI E T, X, X5 X
BREE A% A8 1 2 W 1 .28 5 TR X, (X X X RRER
BRI R A, R PR T
0. 05, P BARCAL DL BE R AT, BRI A A% e Y 7
X BRI AR RS2
4.4 BSHMRK

R T ARAFHERR 25 1 SR A TAESE, X TAES 2L
HATIRAL, 256 2 I8 K R H b pR BRI 29 R 2%
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