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Design and Test of Chain Spoon Cocked Tail Self-cleaning
Pinellia ternata Precision Seed Metering Device

HUANG Yuxiang'? LIU Zhuotao' YANG Xin' FENG Tian' BI Yubin' JU Xiaoteng'
(1. College of Mechanical and Electronic Engineering, Northwest A&F University, Yangling, Shannxi 712100, China
2. Shaanxi Engineering Research Center for Agricultural Equipment, Yangling, Shannxi 712100, China)

Abstract; Aiming at the problems of insufficient seed filling and difficult seed cleaning caused by
irregular shape and uneven size of Pinellia ternata seeds, based on the characteristics of chain flipping
motion, a method of using rotational inertia force for seed cleaning was proposed. A chain spoon upturned
tail self-cleaning Pinellia ternata precision seeder was designed, which improved the seed filling rate and
achieved rapid seed cleaning through the spoon upturned tail structure and water droplet shaped holes. By
analyzing the force and motion state of seeds during the working process of the seeder, the working
principle of the chain spoon self cleaning seeder with upturned tail was explained. Through theoretical
calculations and kinematic analysis, simulation experiments were conducted based on DEM — MBD
coupling to analyze the effects of different spoon filling angles, chain tension forces, and spoon shaped
hole structural parameters on the performance of the seeder. The structural parameters of the seeder were
determined. A quadratic regression orthogonal rotation combination simulation experiment was designed to
determine the optimal structural parameter combination for spoon shaped holes: spoon shaped hole length
was 18.6 mm, spoon shaped hole width was 14. 1 mm, and spoon shaped hole retention depth was
8.6 mm. To determine the optimal operating parameters of the seeder, a quadratic regression orthogonal
rotation combination bench test was conducted with the driving sprocket speed and seed layer height as
experimental factors. The experimental results showed that when the driving sprocket speed of the seeder
was 39. 2 r/min and the seed layer height was 206 mm, the operational performance of the seeder was
optimal, with a qualification index of 93.37% , a replay index of 2. 17% , and a leakage index of
4.46% , the research results can provide a reference for the design of seeders for bulbous Chinese
medicinal materials.
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Fig. 1  Pinellia ternata seed size diagram
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Fig.2  Pinellia ternata seed discrete element models
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Fig.3 Schematic of structure of chain spoon warped tail

self-cleaning Pinellia ternata precision seed metering device
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Fig.4 Schematic of working principle of seed
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Fig.6 Inclination diagram of seeding chain clearing stage
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Fig. 14  Structure diagram of chain tensioning device
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Fig. 17 Movement path of seeds in clearing stage
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Tab.5 Single factor experimental design of

optimal parameters of seed scoop hole

%
K Fih A LA B i A RLFL 58 Tt AT RIFL BR A
L,/mm W,/mm FLIEEE D/mm
1 16 11.5 7
2 17 12.5 8
3 18 13.5 9
4 19 14.5 10
5 20 15.5 11

F6 MARNARMSHARRKEER
Tab.6 Single factor test results of optimal

parameters of seed scoop hole

AHIRRY WAk IR EARE AL

5 BB/ mm
% % %

16 82.33 16.33 1.33
17 87.67 10.33 2.00
FhAT ALK L, 18 92. 00 4.67 3.33
19 92. 67 3.33 4.00
20 85.33 4.33 10.33
11.5 81.00 17.33 1.67
12.5 85.67 12. 00 2.33
FRATRIFLSESE W, 13.5 91. 67 5.33 3.00
14.5 92.33 5. 00 2.67
15.5 87.00 4.67 8.33
7 88.33 10.33 1.33
92.00 5.67 2.33

Fift A) 789 L 8 b AL
90. 67 4.67 4.67

WEE D

10 85.33 3.33 11.33
11 81.00 2.00 17. 00

M2 6, % i 5 2% F 3% 6] 19 22 B AR o 45 vl
AVRIALABE Ly FhATRIFLGEJE W, LA KA ) 28 £L B8 ol

FLEE D 4350 18 ~20 mm 13.5 ~15.5 mm .7 ~
10 mm, JEATH G5
4.4 FMAORAREEZHSHASKRE

PARRAJ IS FLAR BE L, (FRATRLFL GG BE W, ol A 28
fLEMALIRE D ik B N R, G R I 8 Y, (H %
FRECY, I 1R B0 Y O PR HE B AT R A IE S
Jié i A5 05 B, TN KPS WL 7

®7T REEFRRD
Tab.7 Test factors and code

M
i 1 FpAJRIFLIREE FPATRIFLGEE  F A B 5L 98

L,/mm W,/mm fLIRE D/mm
-1.682 18.0 13.5 7.0
-1 18.4 13.9 7.6
0 19.0 14.5 8.5
1 19.6 15.1 9.4
1. 682 20.0 15.5 10.0

HER &5 TAEZ 80 S5 e 8 o 32 o/min  FE Rl
fff g 45°  FfJZ @ BE D 200 mm | BE A& 5K KO0
260 N e HEFf 45 55 2 TARRZS T, %34 28 100 4> Fil
AJHERN G DL TSR 3, A AL B 3 R A 86 T Y (E
PRI A5 2R 150 7 R 5 IR Z R Ik 8 Prn , 1
WX Xy X 23 0] R e AT R LR BE A B L B
Foft ) 28 L B b LR 2 B (L o

®8 HRBRARSER

Tab.8 Experimental scheme and results

e Bx Y, /% Y, % Y, %
Xl XZ X3
1 -1 -1 -1 91.00 0.67 8.33
2 1 -1 -1 91.67 1.67  6.67
3 -1 1 -1 90.67 1.00 8.33
4 1 1 -1  91.67 3.00 533
5 -1 -1 1 91.67 6.67  1.67
6 1 -1 1 91.00 4.33  4.67
7 -1 1 1 87.00 10.67  2.33
8 1 1 1 85.67 10.33  4.00
9 -1.682 0 0 93.67 2.67  3.67
10 1. 682 0 0 92.00 2.33  5.67
11 0 -1.682 0 93.00 1.67  5.33
12 0 1. 682 0 87.00 7.33  5.67
13 0 0 -1.682 92.00 1.00  7.00
14 0 0 1.682 87.33 10.67  2.00
15 0 0 0 93.00  3.00  4.00
16 0 0 0 93.33  3.67  3.00
17 0 0 0 92.33  4.00  3.67
18 0 0 0 92.67 3.67  3.67
19 0 0 0 93.67  3.00  3.33
20 0 0 0 93.00 3.67  3.33
21 0 0 0 94.00  3.00  3.00
22 0 0 0 92.67  3.33  4.00
23 0 0 0 93.00 3.33  3.67
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Fig. 18 Bench test device of seed metering device
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Tab.9 Test factors and code

HE
Gt — — —
FEEREREEHE/ (romin T ) RS E/mm

-1.414 30.0 150

-1 32.9 165

0 40.0 200

1 47. 1 235
1.414 50.0 250

T RAEE RN 10 s, Hod x, a0, 70 5
R Bl B S e RN JZ e R g A, DL A A% 4R KL
Y, HEIEEEY, T IEECY, KRR bR
£10 ARRBIRSS
Tab.10 Experimental scheme and results

ES

s =] Y, /% Y, /% Y, /%
X X,
1 -1 -1 88.33 1.33 10. 33
2 1 -1 86. 00 2.67 11.33
3 -1 1 92.00 4.67 3.33
4 1 1 90.33 3.33 6.33
5 ~1.414 0 90.33 4.00 5.67
6 1.414 0 86.33 2.67 11.00
7 0 -1.414  85.33 1.00 13.67
8 0 1.414 92.67 4.33 3.00
9 0 0 92.33 2.33 5.33
10 0 0 92.67 2.00 5.33
11 0 0 93.33 2.00 4.67
12 0 0 94. 00 1.00 5.00
13 0 0 91.67 2.67 5.67
14 0 0 94.33 1.33 4.33
15 0 0 93.67 1.67 4.67
16 0 0 91.33 2.33 6.33

5.2 HWHERDF

FIH Design-Expert 13 %44 XF i 46 £ 4% 2R 47 07
2200 BT AR LR 11 3l 3 X ik 56 BOHE 2R AT 3 B A
WA B ARIGE Y, EEIRE Y, IR Y5
F B A o, PR o, ] 1Y 1 H 5 AR

Y, =92.92 1. 19x, ~2.31x, —0. 165 L x, -

2. 18x7 — 1. 85x; (12)
Y, =1.92 -0.240 8x, + 1. 10x, = 0. 679 4x,x, +
0.714 3x7 +0.377 7x; (13)
Y, =5.17 +1.43x, =3.41x, +0. 509 2x,x, +
1. 46x7 +1.47x] (14)
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Tab.11 Analysis of variance for the results of orthogonal experiments
P AR LiEiE R 6 5 B
SEIM H F P SEITA H R F P SEIFA R F P

LY 118.57 5 24.07  <0.0001" 16.90 5 12.79 0. 000 4 ** 143.50 5 47.53  <0.0001™
X 11.35 1 11.52 0.0068 ™  0.4626 1 1.75 0.2153 16. 40 1 27.15 0. 000 4 **
X, 42.26 1 42.89 <0.0001 " 9.53 1 36. 06 0.000 1" 91.93 1 152.23  <0.0001
X%y 0.106 2 1 0.107 8 0.749 4 1. 80 1 6. 81 0.026 1" 1.01 1 1.67 0.2249
K2 37.82 1 38.39 0.000 1™ 4.07 1 15. 40 0.002 8 " 17. 06 1 28.26 0.000 3 **
x% 26.98 1 27.39 0.0004 ™ 1.13 1 4.27 0.065 6 17. 06 1 28.25 0.0003 ™"
2 9.85 10 2.64 10 6. 04 10

LRl 1.47 3 0.408 2 0.752'1 0.4747 3 0.5109 0.687 4 3.16 3 2.56 0.1382
4R 2% 8.39 7 2.17 7 2.88 7

Js¥iil 128. 42 15 19. 54 15 149.52 15

W BRI B (0.01<P<0.05);

20
82.
Xy 2165.032. 9{%@»@

(@)

#x RN 3% (P <0.01)

825
32 90
m 165. O

(b)
P19 A% 3 IR 3R 0 AR 1 i e o7 o

6.4 217,
32 90235.0
i~ 5

(©)

Fig. 19 Response surfaces of each test factor to working performance
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