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Design and Test of Chain-spoon Type Precision Seed-metering Device
for Ginseng Based on DEM — MBD Coupling
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Abstract; Because of irregular shape and poor fluidity of ginseng seeds, the seeds need to be spewed
before sowing. The spewed seeds are easy to be damaged, resulting in difficult seed filling and easy seed
damage. A chain-spoon type precision seed-metering device for ginseng was designed. Through the
analysis of the force and motion of seeds in the process of seed filling, the mechanism of tilting filling-
seed improving the filling-seed performance was expounded. And through theoretical calculation, static
and dynamic analysis of seed carried by seed’ s spoon was done, and the single factor simulation test was
conducted through the DEM —MBD coupling. The influence of different structural parameters and working
parameters of seed-metering device on its working performance were analyzed and the structural
parameters of chain-spoon type precision seed-metering device were ascertained. Based on DEM — MBD
coupling simulation, the quadratic regression orthogonal rotation combination test was done, with the
rotation rate of drive sprocket, filling-seed angle and seed’s height as the test indexes. Experimental
results showed that the primary and secondary order of influencing conformity index was filling-seed
angle , rotation rate of drive sprocket and seed’s height. When filling-seed angle was 71. 73°, the rotation

rate of drive sprocket was 79. 10 r/min and seed’s height was 84. 28 mm, filling-seed performance was the
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optimum, and the single grain rate was 95. 68% , the refilling rate was 3.57% , and the missing filling

rate was 0.75% . The bench test was conducted to testify the working performance of seed-metering

device, which showed that the chain-spoon type precision seed-metering device for ginseng had better

performance on filling-seed and can meet the requirements of non-forest ginseng sowing.

Key words: ginseng; chain-spoon type; precision seed-metering device; DEM — MBD coupling
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type precision seed-metering device
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Fig.2 Work diagram of seed-metering device
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Fig.3 Effects of different filling methods on population
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Fig. 12 Imported seed platter model in RecurDyn
IR I AWy s S B R R RS
MBI EE 5S35 LL Ground S 228 RS e % &1 5 HEFh
SR B R AN FR A 2 3 LA Ground SRS 2% FR U i [#]
SE R s NEETS 70 5 2 shaESS HERDEESS AN S BE A
Z T4 o 1 5 P 9 43 S 5 A T R AR B R
Z )4 e 2 B 5 7~ - B AR 6 5 22 T80 5 ] ) o
iR o B N | I I i
EDEM #55 IF, Az b33 8] HE R % A TA% , #cik
IF (time —¢,:0,0,x = pi) X3 R, H& . fE ¢, A
F OB N 0,78 1, J5 F R L 3 «(rad/s)
pi IR
3.1.2 EHook A

FERIE EDEM 5 RecurDyn #2134 42 1% &0
Tl TEEBTi R R A S S50, WA ]
RecurDyn H External SPI IjfgfEk T A9 EDEM $2: 0
o S I F I LRV o e e NN AR TR L R DN
wall XX X T H, 2R 538 34 EDEM A7 Geometries
BT A9 Import Geometry from RecurDyn 3y §E ¥ 2
R wall 3CF 5 A EDEM, §: A EDEM il 25 455 7
W 13 fiiR,

F13 5 A EDEM s 4 b 25 0
Fig. 13 Imported seed planter model in EDEM
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fiah Py A AT HE b 2 58 1A 4P B A HE R BE A% R AT A
PR, FE R Rl AR 52 0K AP R AR AR A) D ABS T8 3
T, HERR BE 2K FIRD A N AN E M. RS WREIq , Bl
TURL WA FI ABS SR AR AR 2 800 A L TA) Y 4
fi 2K 2 R
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Tab.2 Simulation parameters of EDEM

(c)Fb T EAERS

Ginseng seed

2 ANSPR  AHH ABS HE
ER /=4 0.37 0.30 0.34
By 55/ Pa 1.28 x107 7.0 x10' 3.0 x10°

BRE/(geoem ) 0.972 7.800 1.250
fll 18 Wk 52 (5 NS UORL) 0.431 0. 465 0.321
R 482 PR (5 N 2 80K ) 0.613 0.414 0.457
R ER R (5 NSk 0. 087 0.075 0. 060

3.2 BERMGERR

o i A SCHE RN 28 3 TS B — 2 Bk,
T DEM — MBD ¥54 X% HE Rl &5 169 T4E M 6e i 17 5 A
FO5 I b . RE S 2 X O S B T,
g A PAT A SCHE R 2 0 BF 98 SR [ a2 E AR
BB R 89.29 r/min (R AR BE Ry 4 cm, 1E b 2R B R
1.5 km/h B B AR ML 332 Sy 625 YK /min) B )2 5 B
Sk 85 mm , FEA AR S 70°, B FLAH XA R 0°, X
Heh 4 25 ok K 07 SRR AR 78 LA X A RS R
AT

I DA g Bl R R (1 kLA R R
(0 KL/ AT) MR IS 6 A5 o 78 B X PN B 250t R FRA)
BN Fof ] AH X6 32 2l bR 25 2 52 Wi 70 B B Y E 2 A
#,H 45 EDEM J5 4 BT 68, ok 1 78 b X R 1
[v] S0 I R AT SR ] 3% 18] g 43 ) 4 o AN R B 2B R
Foft =[] SELAGCSRE R A S0 ol (8] AH X 32 gtk 2, v
Fo A DX R 0] BT R, SRR ROR A, h
T 7 o Xl 350 Aol 7 R 2 A0 ol AJ A1 Jeg 35 o A A X 3z 2
ARZS 75 ZEAE AR b 7 W%, an el 15, H e
i 1 W) 7 A DX A T, WA 2 W AR A
SN IRFPRE AR X iE SRS . WK 16 fros, TAEIR
BERRAT S WE D025 1 0 AH X A7 B AR fk, T i e A
DX Je 5 F 7 5 2 AR Ak il 2R 43 T8 b ok R A R T [l
SR U

WA 7%, £ EDEM i ¥ DEM ()

L1

F1S fy B g vy o e T

Fig. 15 Established monitors in simulation test
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Fig. 16  Schematic of relative position of planting

spoon and bin group 1
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Fig. 17  Schematic of DEM — MBD coupling tension load
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Tab.3 Simulation results of seeding chain under

different loads %
mar RE WE O REE O WRE
b A2

N R 2 \fﬂj "i"{l
EN BN 1 2 FHH 2

10 82/75/82 16/24/17 179.67 5.07 19.00 22.94
20 88/91/94 9/1/4 91.00 3.30 6.67 37.75
30 93/96/92 3/4/3 93.67 2.22  3.67 31.49
40 94/96/93 1/2/1 94.33  1.62 1.33  43.30
50 92/90/93 1/0/0 91.67 1.67 0.33 173.21

F M EDEM J& 4k BRI E, 70 5l o0 i AR 5k 5K 08
FER DX J5) FB A 5~ [0 LS B AP A S0 JR R A R SR
&L, 18,

. —ION 20N R 40N 50N
[

1.1 2 3 14 e
A
T —10N 20N 30N 40N 50N

® T T T T SO SR |
1.6 1.7 1.8 19 20 2.1 22 23 24 25 26
Bl
—I10N 20N 30N 40N 50 N

2 04 06 08 10 12 14 16
i /s
1.2x103- —I10N 20N 30N 40N 50N
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=
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Fig. 18 Influence of different loads on chain drive

system and population

H I 18 (3% 3 nJ R, Bl A 8047 14 384, £ 2% 3h
N BE RS S BE RS B M ehly J7 O BE SRR
BN, TR X5 Al (] SR 5T R E , A AT A
Jey PR Ao AR BRORL A - 23 ) 0N HLSF ¥k 1)
e st/ A R T A, 2 B S0 N, R
AN R T AR AR, PR HE R B A% 1 gl b N O

TR PRI, 5870 1T 6% 45 T AR I B ™ A 5 3
gy, A A T A O 0 5 2% BE S S eb i ) 1
M JE A BE L Bl AR ST A i, SR A2 AR TR R
30 ~40 N,

L545 2.5 I HIE M, 24 0 5 SR A A KL N,
O 8 W AE SR £ Oy 3. 40 N/mm , HERh 5 2% 5K
R F 934N,
3.2.2 FEAE A

ARG 1.2 795 s BE AT CHE R & 72 B i 72 20 B A
2.3 b A A SR B A R B85 3.2 1 1R
H Y HE I BE 2% 5K B BIF ST A5 R, 20 A S Rl AR Sl
45°.55°.65°.75°.90° ( W JC 56 M5 £ ) if X HE B &
TAEPERERI S, 5 HA RN 4 PR

x4 TEAEMHEETHHESER

Tab.4 Simulation results of different filling angles

%

e R 7%

R WE wE T R

N 2 7 2 7
% S T

) BT SRS

45 59/47/33 0/0/0 46.33 28.09 0

55 63/75/54 0/0/1 64.00 16.46 0.33 173.21
65 86/82/88 1/0/1 85.33 3.58 0.67 86.60
75 96/94/93 3/5/5 94.33 1.62 1.33 43.30
90 92/90/89 2/8/17 90.33 1.69 5.67 56.73

i 2% 4 AT, BE B 70 R AR B S K, SRR R R
vt N WA N e L N L AR SR 8
K 78R A8 S 2 e 1S RS 0N, Y G 78 i 6 A
I, FE R A o Rk — 25 43 B S8 R AR X B ) 2
HEAh 25 FE R0 R R A E 0, 7E EDEM 435 3 AN
[Fi] 3 36 78 Aol X Jmy FB o JB 2t R AT A Jey R ORE FRLRE
T 7S 34 32 101 7, an &l 19 Jir 7R o Bl 2 e R A A 1 3
K, FEFH X Jmy R - B 12 3G O, B A S Jeg 3 A R R
i R G R AR A N G5 R7 Y 1 A 3 2 1R/ 4 NS U D
BN SERAR A T A R [ 3 R
P ik ) I S T 1 R S Ui B < e 2 0B N
B I ER e Sies NS RS WA NIV i  E  Ne o  |
RN FERMEA G R T R AR (=2 KA,
PRI M B 1 1 — i 91 [l P ) e A £ AT 4 o HE D g 0
TAEPERE . A PRIIE 78 Fh HORL A8 B K, ST Fh e 78 30 0
/N R E FERMETAA Ry 65° ~T75°,
3.2.3  FUSLAH X A

MR 2.2.2 35 % Fp AT Af 09 B8 B0, S5
3,201 R0 3.2.2 5 By I 45 AL, 43 A AL AL AE X
o0 0° (B JC 74 L AH X 5 £ B ) (5°.10° 15°,20°
25°%F HEFP A% TAEMERE M, f B 45 R 3k 5 iy
No
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Fig. 19 Influence of different filling angle on population
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Tab.5 Simulation results of different hole inclination

compensation angles %
RUFLAH ok A HEBIES
R Wx BEE L WAE
X 45 F / N x Tl AR 5 T AR S
) R RM

0 90/88/91 1/1/0 89. 67 1.7 0.67 86.60
5 97/96/96 17271 96.33 0.60 1.33  43.30
10 94/97/95 3/1/3 95.33 1.60 2.33 49.49
15 93/95/92 3/5/4 93.33 1.64 4.67 32.73
20 90/93/89 8/6/5 90.67 2.30 6.33 24.12
25 85/79/82 14/19/17 82.00 3.66 16.67 15.10

HH 28 5 AJ AL, Bl A AR Y 3 R 78 R R
S E WIS T 3R R, SR 3R S R A A X
R o Y TUFLARXIE A S 0° B, kL Z Fil i 72 % 1y
FRGH AL, PR 78 1 b asd 2 o, ) HE D 4 2% 08 5% T
PR RSN 5 1 R A SR R 2 T L AR
XA Ry 25 0B, HEFPBE 5% iz 5% r e AR L 8, Bofil
T A) S8R Ak 2R A8 22 U 78 R K, 0 b SRR R AN R
SE o HCRTN AU L AR X 0 A R A G HE R R
S W3 5 T 7 A 0 B g R AT T R H 2 R L AH X
100 f1 3k K, 2 B A HE D 25 1 BB, I (i SR 6 11
AR SRR K AR R e AR ok S B FL A X
ik 5°,
3.2.4 R

Tofr )2 1o B8 2 5 ) 70 o aod A AR 3 P ok R 1) EE LA
B EMRAS WS, 456 3.2.1~3.23 1
1y AR 30 ELIR I 43 BT, Sy R IE 78 A8 AR U HE
P 4532 47 Jn 7= A 1 B sh B A 7 R o R, W i 2
20 mm< H <120 mm, Ay BLA A7 Rl 2 R BE A 20 45
70,95 120 mm B XF HEFP 25 78 RGBSR 1 52,
5 B4R 6 PR,

x6 TRAMESETHHELER
Tab.6 Simulation results of different seed heights

%
= i R I 75 2%
R P S 149 {8 b i

20 85/78/81 14/21/19 81.33 4.32 18.00 20.03
45 82/86/90 16/13/9 86.00 4.65 12.67 27.73
70 93/95/92 2/3/2 93.33 1.64 2.33 24.74
95 94/96/96 1/2/1 95.33 1.21 1.33  43.30
120 81/79/83 1/1/0 81.00 2.47 0.67 86.60

B 2 [ B A T o A PN AT CEE (9 35 i, ok
FEHE KGN, e 78RN, AR R 70 mm
F195 mm B, B 588 S 28 B0 X AR 5 Y A2
BES 20 mm B, 3 50 %R R K, U W E /N 04 i 2 s B
AN FE A R 2 S 120 mm B Y 7 3R
JIN , BRUORE AR RIS | 16 B A K I AN 2 = B S RN A
I, AR TR, 454 B 20 AT A, BE A R Z &R
A3 T, 0 X 3 7 5 1 O, P AT A R R T
RS 2873 1) 3 SRRt/ i 8 R, i 2 s B A 8 A R
FAE e I A v AR T [, B A A1 R S T i AR
SE LY R R 20 mm B, UKLl 4 5 2499 )
JIE K, S R R B )2 8 BE S/, Bl ) A B )
N FRRE I Sl ) S5 0 BR, 5 B0k 1) ) U B AR R 2
JZ B R 120 mm B, 2 B A K, BT R R )
NI L5 ) L B ) | Y= Z N (DA 75 27 S N B & <
Fift )23 /&1 B R 70 ~ 95 mm,
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Fig.20 Influence of different seed heights
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HPHE 45 . HT DEM — MBD & 19 55~ XN S5 5 el 4% F 5 101

SR, L 5 25 PR HERR 2% AR RE AR
W N R a3 7 Bron iR 7 & 5 R 4
Rane 8 Fron, b X, (X, (X, 2000 O 3 Bl 6k g e
L FERPBUA R R A g SR IR R AR Y, LY,
Yo 5k B R S FEAR TR

X7 RBEERRB

Tab.7 Experimental factors and codes

2 EhBEeReH/ TR E i)z 1/
(remin~") ) mm
-1.682 60. 00 65. 00 70. 00
-1 72.16 67.03 75.07
0 90. 00 70. 00 82.50
1 107. 84 72.97 89.93
1. 682 120. 00 75.00 95.00

=8 HBEARSER

Tab.8 Experiment design and results

o iSES I bR

X, X, X, Y./% Y, /%  Y,/%
1 -1 -1 -1 9200 567 233
2 1 -1 -1 90.00 7.33  2.67
3 -1 1 -1 90.67 7.33  2.00
4 1 1 -1 89.67 800 233
5 -1 -1 1 95.33  4.33  0.33
6 1 -1 1 92.00 7.33  0.67
7 -1 1 1 91.67 7.67  0.67
8 1 1 1 91.67 4.67  3.67
9  -1.682 0 0 93.33  5.67  1.00
10 1.682 0 0 89.33  8.67  2.00
11 0 -1.682 0 94.67  5.00  0.33
12 0 1. 682 0 90.67  7.00  2.33
13 0 0 -1.682 90.33 6.00  3.67

14 0 0 1.682 91.67  8.33 0
15 0 0 0 95.67  4.00  0.33
16 0 0 0 94.67  4.67  0.67
17 0 0 0 94.67  4.00  1.33
18 0 0 0 94.33  4.67  1.00

19 0 0 0 95.33  4.67 0
20 0 0 0 95.67 3.67  0.67
21 0 0 0 94.00 4.67  1.33
22 0 0 0 94.67 5.00  0.33
23 0 0 0 94.33  4.67  1.00

F FH Design-Expert 12. 0. 3 # {4 X} i 46 4% 5 oF
frscbl il G, il mai R Y, <8.67% ,45 &
A SO G R BT R AT HERD A%, R NS Fh T
T 7% A ik A5 b e A PR e R ) R, PR R BE AT SN
SN HE R i F5 R 1 BRORL R R 8 R AT O 22 4y
Bro 9 NHRRS R Ir 2500, Hoh Z
AR B g B2 M35 (P < 0.01), R T84 A 1 3%

(P>0.05), [H A7 FEAR KL, HIBE A &3 52 m H
JG AR Y, Y Il ) 7
Y, =94.81 =0.96X, =0.91X, +0. 77X, +
0.54X,X, —1.2X; -0.73X; -1.32X; (13)
Y, =0.74 +0.42X, +0. 44X, —0. 74X, +
0.5X,X, +0.32X7 +0.43X; (14)

x99 BHNEERAEHFESN
Tab.9 Variance analysis of single grain rate and

leakage rate

- A A »
Al B Al B
Bim 93,13 9 21.24 <0.0001 21.92 9  7.36 0.0008
X, 1249 1 2563 0.0002 236 1  7.15 0.0191
X, 11.25 1 23.08 0.0003 266 1 8.05 0.014
X, 819 1 1681 0.0013 7.57 1 22.88 0.0004
XX, 235 1 48 0.047 0.8889 1 269 0.1251
X, X; 0.0139 1 0.0285 0.8685 0.8889 1  2.69 0.1251
X,X; 0.6806 1 1.4 02585 2 1 6.05 0.0287
X2 22,88 1 4695 <0.0001 1.58 1 479 0.0475
X; 843 1 17.31 0.0001 105 1  3.17 0.0984
X2 27.59 1 56.62 <0.0001 299 1  9.03 0.0101
%% 6.34 13 4.3 13
B 342 5 1.88 0.2039 2.57 5 238 0.1321
WE 291 8 .73 8
M 99.47 22 26.22 22

PR 9 TT AT, = PR 3R X B 238 52 ) 1Y) 3 RO ) F
o E SR AT AR R R I Bl
R S A A B AR S EAE RN R 2,
A L AN 218 BTOR o R I X BRLORE SR B T
G TRELNE NG o N SR R4 N € =R S Y R e 3]
Fo A A 3G K S 3G K S 8/ 5 A 7 A A A X
BRI 2 i A R (1) 38 R S HG RS /N, A 7 A AR A
R DX A 4 5 A B %) 1 o 2 48 R R s PR
FHHEA WE AN = P T R ) R
TP Ay e 2 v T A L S B AR A R, rp A
J2 v FE S S A R AR AE S AR RN 2,
4 o7 it TR AN 1 20 iR o AE R Z R RN X
S L TN E NI N ¢ B == 0 S N S
70 2 [ e 6 A 1 3 R T 1S K 5 E S R A A/ IX
U 75 238 BB ol )23 v B2 1) 85 DR T 34 K, 7 78 A A A A K
DX Y 76 2 B D 2 8 B A BG n SE /N S 3G R Tk
T HA W AR e
3.3.2 B R HAr ik

RIEAE AR FA T FRER RN RMLAS,
75K BB S AN 78 R AE NI e A, &5 A IR
S ST BCE R AY I X PE A R B (] 05 AR A 0 A7
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Fig.21 Influence of interaction on single grain rate

and leakage rate
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Fig.22 Seed-metering device used in test
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Fig. 23  Seed-metering device performance test
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B, R HEFD#R T AR S5 B 200 AN B0 A) S8 1T 58 .

MR 4 50 45 R v A0, 55 AT N Sk % HERD 28 72
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Fig.24 Sectional measurement
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Tab.10 Test results of sectional measurement

, 05
WE O RTH RTH BGH G
FE R RRE RS THR TER
Wi % Re Wil e
B/ %

1 25.80 0.25 0.97 0 0
2 26. 15 0.45 1.72 1 0.95 95.00

3 25.65 0.39 1.52 0 0
SEYE 25.87 0.36 1.40 0.33 0.32 31.67

H R 10 A, HEFR 25 17 N HEFp & 40 A 35 50 vk
MAs S ZEH 1.40% , 81 05 b F 500 S (E R
0.33, HikffE 22 M 0.32, HiAs B Z M 31.67% ,
RHEEAN NS EH M A TAEM R A, B AR
ik B F A5 PP

5 #ig

(1) EIHT — R~ XN SR & HER 2% . 38T
XF 78 A B b R 32 071 B0 R iz B RS 1 4 AT, 1
WYY M AR) e T 2 5 7 vk B 4 BB 5 S Ao X % b
IR B AR TR T A, B E T R AT R ALK
Yi R IIN 7.5.6.0.3.5 mm, Fi AR L TE L A
B 111116 mm , FA] 53 A 8] Bl 25. 4 mm, 33
iR 28 1A
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%%mﬁﬁw" GIAT T A ) HERREE 2% 1 5K B A [ HE
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*ﬂ?fﬁﬁ?TﬁFﬁ%%}%ﬁﬂﬂ 34 N, RS AR S 50
T BT UK (B T AE e i 2 Gl e i oY 32 Bk AR
T IR R )2 g E X HE R g TR R BE Y 5
ma R e 25 R R W] AE E S % O 79. 10 o/ min
FEAMEAA R 71, 73° FhZ R 84. 28 mm B, HUKL
F(1R/A]) N 95.68% HaFE (=2 k/A]) N
3.57% W FEH(0 Ki/A) ) 0.75% , HEFh & TAE T
{8 e

(3) XF {5 Halge A5 21 1 A Ak 45 SR i 17 & 22100
B, 7 B OBy 94.33% , HE R RBH
0.81% ;A XN 1.17% , LA R R Ky 24.74%
Hefh 28 AT N HEA & A SRS RN
1.40% , 5 05 # 7 B ¥ (E Oy 0.33, Hobr i 22
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