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Design and Test of Ginseng Precision Special-hole Type Seed-metering
Device with Convex Hull

LATI Qinghui JIA Guangxin SU Wei HONG Fangwei ZHAO Jinwen
(Faculty of Agriculture and Food, Kunming University of Science and Technology, Kunming 650500, China)

Abstract: In order to solve the problem of the poor fluidity of ginseng seeds caused seed-metering device
the serious shortage of filling-seed and the easy damage of seeds. The method of enlarging seeds
disturbance and reducing local seeds friction was adopted to improve the filling-seed performance of seed-
metering device. And based on this a precision special-hole type seed-metering device with convex hull
was designed. Through the analysis of the force and motion state of seeds in the filling-seed area, the
mechanism of convex hull and special-hole improving filling-seed performance of seed-metering device
was expounded. And through the calculation of the kinematic analysis of theoretical calculation to filling-
seed process, the single factor simulation test was conducted through the EDEM, the influence of
different structural parameters on seeds was analyzed and the structural parameters of special-hole were
ascertained. Then the quadratic regression orthogonal rotation combination test was done, with the
rotation rate of special-hole, height diameter ratio of convex hull and seed’ s height as the test factors,
and the qualified index, the multiple index and the missing index as the test index. Experimental results
showed that the primary and secondary order of influencing conformity index was height diameter ratio of
convex hull, the rotation rate of special-hole and seed’ s height. When the rotation rate of special-hole
was 29.75 r/min, height diameter ratio of convex hull was 0.43 and seed’ s height was 53.92 mm,
filling-seed performance was the optimum, the qualified index was 95.59% , the multiple index was
2.97% and the missing index was 1.40% . The bench test and field experiment were conducted to testify
the working performance of seed-metering device, which showed that the precision special-hole type seed-
metering device with convex hull had the filling-seed better performance and can meet the requirements of
ginseng sow.
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Fig. 1  Structure sketch of ginseng precision special-hole

type seed-metering device with convex hull
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Fig.5 Schematic of seed-metering wheel structure
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FHUI AL TE B HE R 5 48 L i KR, 5 6 il 48
5 IR A AR UIA i A 2 ) 6, X RS Bk Ok DA B
YRR TR, SO AU T 0 IF 45 &
P BRI 25 R e R b 1.7
3.3 ZREAEXREHFEESGHERR
3.3.1 KBy R EE R

R R R 0 A R A LR 2 R X
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Tab.5 Simulation results of line speed ratio between

different brush wheels and seed-metering wheel %

4 WwB RR WA PR qzj i 72 % ‘)Tj

OORS R R PHE_ RBE
1 91 2

1.0 2 92 1 90.33 2.30 2.00 50.00
3 88 3
1 90 5

1.4 2 95 2 92.00 2.88 3.33 45.83
3 91 3
1 97 2

1.7 2 96 2 96. 00 1.04 2.33 24.74
3 95 3
1 94 3

2.0 2 96 2 95.67 1. 60 2.33 24.74
3 97 2

HEFh e TAEPERE R 2w, 2 5 A 3R 0 BT A E 119
BT S BH — P WE I A N 0 HERR 4 TARPERE 12
Wi o g R R A ik 6 B il IR it Iy R 5 4
R T Pron, o X, X, X, 00 0 O s R AR e
A AR L PR R SR (L IR AR AR Y, Y,
Y, o3 5 by 5 M A R ERAR R T R 4

®6 KW EEHD

Tab.6 Experimental factors and codes

ity o5 MR A% B i/ . L=y %
(romin-1) (EN=X NN .
~1.682 16. 00 0.24 30. 00
-1 22.69 0.29 40. 14
0 32.50 0.37 55.00
1 42.31 0. 45 69. 86
1. 682 49.00 0.50 80. 00

FIH] Design-Expert 8. 0. 6 # {4 xf iz 4 45 R i 17
ZIot I HE RS R Y, <5% , 45 A AR WF 78 8 A
R A S T L 45 A 0 IR e X HE A 25 S R 1 e
i, PR o % 5 A% i 500 T 1 48 B AT O 22 0 i
8 R AR AL e 4 48 BT 25 43 B, IR Al A R
RIY) S B0 (P <0.01) , RMIARE(P >
0.05) , mIH 7 B AR, BIBRA B EZm ARG,
B3 Y, YR E R

Y, =94.69 —0. 81X, +1.40X, +0. 61X, +

0.88X,X, -0.73X; - 0. 62X, (13)
Y, =2.18 +0. 60X, —-0.55X, -0. 50X, +
0.42X,X, +0.27X; (14)

x7T RBEAREER

Tab.7 Experiment design and results

A ## BN SEA T

g
X, X, X, Y,/% Yy % Yy %
1 -1 -1 -1 92,33 433  3.33
2 1 -1 -1 90.33 500 4.67
3 -1 1 -1 93.33 567 1.00
4 1 1 -1 93.67 3.33  3.00
5 -1 -1 1 94.33  4.33  1.33
6 1 -1 1 90.67  6.33  3.00
7 -1 1 1 94.33  4.00  1.67
8 1 1 1 95.33  2.67  2.00
9 -1.682 0 0 94.33  3.67  2.00
10 1.682 0 0 90.33  6.00  3.67
11 0 -1.682 0 89.67 7.33  3.00
12 0 1.682 0 95.67  3.00  1.33
13 0 0 -1.682 92.00 5.33  2.67
14 0 0 1.682 9400 500  1.00
15 0 0 0 92.67 5.67  1.67
16 0 0 0 95.00  3.00  2.00
17 0 0 0 94.00 3.33  2.67
18 0 0 0 94.67  2.33  3.00
19 0 0 0 96.67 1.67  1.67
20 0 0 0 94.33  3.67  2.00
21 0 0 0 95.67 1.67  2.67
22 0 0 0 94.33  4.00  1.67
23 0 0 0 95.00 2.67  2.33

Hi 8 HI T, = DX R X M A8 BRI T2
WU A AR LG B IR AR e R 2 e B2, b
HIR 8 5 T 5 1™ g A2 L () A7 7E 1) 28 HAR TS 75 22
B, 3 ) g il T A0 A 14 TR o E ARG B X G A% fE
S8 ™ A R A P A R ST R DN A e e X
sk GRS E AR DNITEE NFE TR ON TR
FU /UM DX i I B s 98 /0, A T i A
PO AR X A i 20 I 2 % T 1% 8 o S 38 R i /)
PRI = B Rt A R A

M8 WTLUE H, 2% P Z X T U 7% 45 200 22 i
A% o S AP R B AR OO B IR AR AR L
AR PG IR L LR T R e AR L S R R TR

TESE HAREH
3.3.2 ABERHR LK

NAEIR LRGN T TR A R 8 &4
B AR % i ROR U 1 A AL O PR AR B A
DR 3R 3 57 0% 1 S 7 B B T O o P A 4 A [l
BRI BEAT 2 H AR AL SR A, 4K B b ol B9 i 57 2%
"
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Tab.8 Variance analysis of eligibility index and missed seeding index
S ' [ERiEiE S : EEE RS
F-J5 Al A F F-J5 Al A F P

Y 65.36 9 6. 66 0.001 3™ 15.31 9 7.90 0.000 5 **
X, 8.96 1 8.21 0.0133~ 4.85 1 22.53 0. 000 4 **
X, 26. 69 1 24. 46 0.000 3 ** 4.09 1 18.99 0. 000 8 **
X3 5.12 1 4.69 0.049 4" 3.39 1 15.75 0.001 6
X, X, 6.13 1 5.61 0.0340" 0. 06 1 0.26 0.6199
X, X, 0.12 1 0.11 0.7404 0.22 1 1.03 0.3281
X, X, 0.01 1 0.01 0.9119 1.39 1 6. 45 0.0246"
X2 8.58 1 7. 86 0.0149" 1.19 1 5.55 0.0349"
X3 6.05 1 5.54 0.0350" 0.02 1 0.11 0.7469
X3 3.96 1 3.63 0.0792 0.10 1 0. 47 0.506 6
R 14.18 13 2.80 13

LN 4.31 5 0.70 0.6405 0.77 5 0.61 0.6957
iR #E 9.88 8 2.02 8

JE¥il 79.55 22 18. 11 22

e = RN L (0.01 <P <0.05) , = FIRF MR L E (P <0.01),

P 14 o AR T S B R AR L B EL A R A i R i T

Fig. 14 Response surface for interaction of speed and DRH
max Y, (X,,X,,X,)

min Y, (X, ,X,,X,)

-1=sX, <1 (15)

—1<X,<I

-1<X,<1

VA s T8 B8 e R0 T 5 s B0 I o D0 A B s
112 BFRAL , SR A 75 55 IR 46 4% 7 29. 75 /min ™
AR L R 0,43 FhZ & R 53.92 mm B E B
e, GAHEEL R 95.59% \H KR E R 2. 97% % #%
BN 1.40% .

4 HeMEERERR

4.1 aZRRAR

Sy S E AT EC S O AL A5 R, e R I 2 S
R AL RS ASFT, 5Kk 40% 75 JPS —
12 RIALEHERP e P RE AR & b2 AT I 30k, 7% 1
D5 HAX I L AL )5 (19 2 26T ABS #1KL 3D 4T Ep 35 R
B I A HE R 2, Dy O LSS HEFR g AR ST A
e OO, FRE A AR v A il A K e

B 15 Jirs o e B HERR A% TAR 5% 38 0 29. 75 v/ min, Ff
JZRE D 54 mm,

g L1

Bl 15 HERRAS MERE LA B
Fig. 15 Seed-metering device performance test
Lfekiy 2. HeRidl 3. e S AL IR fE A HEAD 4 4.
BRGE S5. gEfLE 6. AR 7.l

4.1.1 FEMPERERAR
o B EHE R G A SERPERE , K 4w SR VRS A,
FHAE R 3K e B B B AT B2 w) A7 1 TR
TR SFOLM iy B SR AR ALATI 48 78 Bl 75 O , o HE i 2 T A%
R JE 10 B gt At B 45 R A3k 9 FoR .
xY9 HHBEEMERRRER

Tab.9 Test results of seed filling performance %

LR R I 75 %
T A T 1?‘ S m;‘
FE R E R FME
7 2% M
1 93. 00 3.00
2 94. 50 2.00 93. 67 0.76 2.50 20. 00
3 93.50 2.50

IR R RN, SERp HURL Ry 93.67% , AL 5
ABN0.76% 5 I 5 R 4 2.50% , H 22 5 R AN
20.00% . FERHPERERSAE ,3 HEHER & 18] (19 22 53 kA
KGRSO HARX W) &, Sk 107 25 g i) 52
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BHE 25« A 5 AL s IRAE SO SR 4 Rl A BT 5 il 48 69

PR M B il &b ol LUE A 2 DL
WREFRAFIEA, KRB KT (% T)3 Ki/fLm
& B0, 2 FEAF DL X R PR S LA A S TE AL, e P4
AT LA sk G A3 0] A
4.1.2 TAEMREIAR

hy BIE 5 HE ol i 1) A P B RN R oy A 2 A1k
4 VR FhobR e B HE D & L R v R S 5 AR B
fR 755 BE R 120 mm , 15 8 % 3l 3 Ry 0,36 m/s, 4%
il AR AL R AT R, R HE AR E S L D E 1 m
S iR G A 5 VR A B i 1= A WP /9 GO B - K 7S
BE 4 em THE T m 305 [ LSRR R ECE D 25 KL, Bl
HLIE 20 20 2540 BOF- Y08, i e 45 R an & 10 firR .

F10 SEVNERBER

Tab.10 Sectional measurement test results

Bro AT R SR BUET BURE T

P S Mok ERR FHOR ity AR
i R RN M ez FH/%
1 2545 0.58 2.28 0.25 0. 44 177.70
2 25.65 0.63  2.45 0.30  0.47 156. 72
32550 0.57 2.23  0.25 0. 44 177.70

T 25.53  0.59 2.32 0.27 0.45 170.71

1 2% 10 AT, HERD SR AT N HERR & 43 A 35 50 1
AR5 RBON 2.32% [ ™ 5 £ R 8 5 HE R
A B LA IR AR CHE R 25 B A B A
4.2 HIBEKR

ik — A B T A 5 T AL s R 0 RS 2% HE Rl 2
M TAEMERE IR A SRR AR 2 2Rk (B 4k 35) In L
T 28 T IR AL E IR R 3 R G 4L
RIS UEH TAER 2 PE 5, 4125 i 2BS — 28 7 A\ &
FERIOL, IEAE 5 R DU P T 2% 5 4R A I S R Jk
HHEAT H R S . & 16 S H )R 56 3 s

K16 [EA L
Fig. 16  Field test

H e, BE B P LSl 71 5.5 kW, Btk

FROPL T /E 3B 1.4 km/h, 328560 b M 38 © e Bk 9%,
BEMLLEHL 10 20, 400 B 1 m W46 FIORLEE (9 5 4%
FE B0 T 18 B T 1 48 B, KR R R AT S
I RIS NY/T 1143—2006 5 # AL i 37
FEARBE ) HEATXE G, 3% 11 froR . H fe) ik 6 &5 1
T ASCE M S IR AL E IR A NN S0k % HE
Fir 5006 2 NS hG 4B b 22K o
£11 HEXKER

Tab.11 Field test results %
4 AR HARM
KR 5 6 15 £ 86. 50 =60.0
AR A 8.26 <30.0
T 7 46 %% 5.24 <15.0
B R AR 5 R A 7.74 <40.0
LSS 7ES 0.50 <1.50

()T M4 5 B AL s IR 58 XN 2085 % HE F
i, LATTRD 2 A RS L 38 0 BRE T 3FN4E B 2E 4 i
Wit THEREWERSH. s RieERN
120 mm , BAL A K 58 K358 7.2.6.2.3. 8 mm,,

(2) 1 B B ioC B B 2 5 1Ll 50 6 % i S 80
fitdk, i@ T 5 IR ALECH 20 4, SRR 5 fA o
350 M4 A BE B Ok 14,5 mm, ERIES 5 55 R A1
RN 1.7 Gl BT R A E S e i 4 A il
B0, 459 25 M 48 ORI 6 15 50 [BLE 5 R L 207 2207
BT S0, 52 0 A% i E0r PR 32 UOBF AR Sy A4
EEL IR M2, AR EeR S
% M B Bt 9K IV0) 1) 28 B AR FH AN 25 2800 5 5% i s 4% 4 8K
18 R 28 T2 U R T Ry o TR 6 A il ™ A v AR L LD
J2 e B Horb A AR B R 2 B R A AE A AR
o XA B34 2 B bR 4k sK g A5, 2455 IR
TN 29.75 v/min (AL E AR LR 0.43 Rl 2 &
BEH 53.92 mm B, 5 AR ECH 95.59% H K 4R %L
H2.97% JmiEIEECHN 1.40%

(3) XM S A #AT TR e, & 285
5 e AP R0 25 R, AN ORI EE Oy 93.67%
HORL R 5 RZB N 0.76% , I L% 2.50% , I 7
AR RN 20.00% 5 5 HL X 50 1 AR PE AR 5
SE R HERDER AT P HERD 550 A B A M R S R
BOIME N 2.32% . H B 56 45 R R0, iR & 4% 15
$086.5% ,FEREHEHL 8. 26% , WK G 4L 5. 24% , 5 H%
KBRS S RAT. T4% BT 0.50% o AL R
T AL 8 MR 5 XN 2 0 % HEFb 2% 78 B0 1k AR #4803 b
FAL, R R A SHE B R EK
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