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Design and Test of Wheel-spoon Type Precision Seed-metering
Device for Chinese Herbal Medicine Pinellia ternata

SU Wei CHEN Ziwei LAI Qinghui JIA Guangxin LU Qin TIAN Baoning
(College of Agriculture and Food, Kunming University of Science and Technology, Kunming 650500, China)

Abstract.: To solve the problems of seed filling difficulty and seed damage caused by the irregular shape
and damaged epidermis of Pinellia ternata seeds, based on determining the physical properties of Pinellia
ternata seeds, a kind of wheel-spoon type precision seed-metering device for Chinese herbal medicine
Pinellia ternata with was designed, through the force analysis of seeds in the seed filling area and the
seed clearing area, the working principle of the wheel-spoon type precision seed-metering device was
expounded. The number of spoons, the rotation speed of seed wheel, the seed layer height, and the seed
spoon hole radius of the seed-metering device were analyzed for the discrete element single factor
simulation test. For the quadratic regression orthogonal rotation combined bench test, the rotation speed
of seed wheel, the seed layer height, and the seed spoon hole radius were chosen as the test factors, and
the qualified index, multiple index, and the missing index were taken as the test indexes. Regression
models of three test indexes were established during the experiment. Experimental results showed that the
primary and secondary factors affecting the qualified index was the rotation speed of seed wheel, the seed
layer height, and the seed spoon hole radius. For the seed spoon hole radius of 7.5 mm, the rotation
speed of seed wheel of 17.0 ~19. 0 r/min, and the seed layer height of 123.0 ~133. 0 mm, the qualified
index was more than 95.5% , and the missing index, the multiple index were less than 1.0% and
3.5% , respectively. The experiment results further proved that the wheel-spoon type precision seed-
metering device for Chinese herbal medicine Pinellia ternata could fully meet the requirements of Pinellia
ternata planting.
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Fig. 1 Triaxial size distribution of Pinellia ternata seeds
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Tab.1 Physical property parameters of Pinellia ternata

TR0 i/ kg 0. 65
WRE/ (geoem ) 1.03
1 45/ MPa 28.22
B I/ MPa 10. 30
TH AR L 0.37
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FAR RO, AR AR B R . B B RS 2 P A%
PRV ) 1 52 BLAE D, 8% b 2 8 B3 4 € S 1000 ~
150. 0 mm
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Tab.4 Simulation results of different seed heights

%

MmER KK A Wi ®Eax FHE F¥E THE
BE/mm o JFE HEE B R0 MIEEC THER miE R
90 9
90 9
89 9
91 6
93 5
93 4
94 2
2

1

2

1

1

1

1

0

89.67 9.00 1.33

100. 0 92.33 5.00 2.67

120.0 95
96
94
96
93
92
91

93

95.00 1.67 3.33

140.0 94.33 1.33 4.33

150.0 92.00 0.67 7.33

W N =W N =W N =W N =W N =
N X 9| W R W W R WY W= =

4.2.3  HURpR LR

BBUF B 2 3o % HE o 2 1) R PP BOR A AR B 2 5
M), Ay B9F 5 BB 6 2 o % HE Pt Vb 3k 7 o 58 A ik
R 052 e B2 B o O, A6 7 B e e A A
B o 18 A Rl Z B EE N 140. 0 mm  Fh AR AL 2 42
7.5 mm, 4> BT BURR #5558 A 10.0.15.0,20.0,
25.0.,30. 0 r/min B} X HERR &5 78 B0 P 8 1 52w , it
WS RINE S iR,

x5 AR EERFELER
Tab.5 Simulation results under different

rotational seed wheel speeds %

ek
Fek/

(remin~")

iKE SRR OER FH¥A FHE PHE
fREC 80 M MR TR TR

C[U

89
88
89
94
93
92
94
95
9
94
93
94
91
91
94

10

10.0 12 88.67 0.33 11.00

—_
—_

93.00 0.67 6.33

20.0 95.00 1.33 3.67

93.67 3.67 2.67

30.0 92.00 6.33 1.67

W N =W N =W N =W N =W N =
nm N 0| W A RN = = = =l O =
—_— N =W W NN ke | N W

it 2o 30 45 R AT A i A O A e R A B e

B B A R B T R R T ST RO i T,
H e BORH 2 e 38 09 20. 0 v/ min I, 45 4% 435 K0 =, 110
TE WP FE 5% 1 0 10. 0 v/min I, 4% 48 Bome X, 1
WP S e 1, ) 5 IROR A ) 5 9 R T
SR, 4 IR e T PR, Ak T T A X T A AT A
2 TE]F) Fof A [ AN R e 45 T 5 4% RO e AT B
AR R . BB 25 Zal g vh 25 R ) A9 52 5
A 4 OB 4 e B 42 9 15.0 ~30. 0 1/ min
4.2.4 FAIRILLAAR

ol AT B FL IR /Nt R 3 HE b 4 7 S0 i 7 v SR
SBCRP B8 JSC D 23, SR F 5 Ao A 2 LGS HE Rl % 55 1 g
AR I R ARG 3. 1. 2 1 0 AR AT B L B BB T
i i PR, 7 5 B M b B E F A RO 18 A4
B AP A8 %458 S 20. 0 v/min Ff 2 5 BN 140. 0 mm, 53
PrAlFL¥42 4 5.5.6.0.7.0.8.0.9. 0 mm B X HEFp
i FUAR R RE RS2, B A5 SR AN 6 FT R .

R6 FRAMABILFLEFRFREER
Tab.6 Simulation results under different seed

spoon hole radius %

AR Wl S WE EX PHS CPHE CPYE
Ffe/mm  JFS 0 IREC FREC B MRIREL FRIRE RIRH

1 88 12 0

5.5 2 87 13 0 88.00 11.67 0.33
3 89 10 1
1 90 8 2

6.0 2 90 9 1 90.67 7.33  2.00
3 92 5 3
1 93 3 4

7.0 2 93 4 3 92.67 4.00 3.67
3 91 5 4
1 93 2 5

8.0 2 95 1 4 93.67 1.67 4.67
3 93 2 5
1 92 1 7

9.0 2 91 1 8 91.33 1.33 7.33
3 91 2 7

12 6 FIHN, B i AT AL AR B 38 R, 1 o
(5 15 KO T I AR, T e 48 202 i R AR . >
FATTIFLE AR N 5.5 mm B, B A% 38 B MK, 24 FhA)
TIFLEA2 9 8.0 mm I, A 4% 8 B d g, 1 P A HORD
RERE R Bl AT 280k T DX BRI, A AT L L A AR
/I FURR Bl J0 05 A2 8 b i e M AT B AL A, B
& WURR B 1 5% 3l , L N B H AR Bl 3 5 S B Rl A
TISL, 3 20 TE AR OTE i, A A% RO A 2 A A 2
FLa IR, Bl AT B 5y 85 745 R AL A f) JH At Ao 5 o Rl
B—&izgh, W TR RSB T, SRR RCT
W , 2 RS 3 e S v 2% DR [ A0 22 B AT, B A
RIALEARHE 7 6.0 ~9. 0 mm,
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7 S5 T 75 B AR LA HE R GRS T AR AR
FAT IBURRRE (i A) 22 S M RhAR i R BOR 42
FHAT PR A 2 ABS BPRL, HERR AR A1
bR A PO T RN SR R S AR 4 AR T
Py | BT A Y = S e T U RN L RS N
T I 9 R T A0 T A T L B R R T, B AR T
2021 4 6 J1 20 H 75 B W B TR 2 ROl AL AR 4 52
K iy JPS — 12 RUMLSE HEF a8 VE e 5 & LAY,
R B AP 15 Fros , & I & AR A 8 S RHE B
BORA B w)A ™ 1 T IR SFOL w8 AR ML 4R 43
BAAXHER ST RS B P oL, 2% GB/T
6973—2005¢ HkL 5 % ) FE P HLIK S T %) L iC = HiE
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Fig. 15 Test bench of wheel-spoon type precision

seed-metering device for Chinese herbal medicine

Pinellia ternata
L&A R R A 2.l 3. m R AeL 4. 4T
5.8% 6. HEFhAHr

5.2 HBEAEEHER

T 08 B DA B 4 2R 10 0, B E IBUR 4
B RUZ B R A) B LR AR B KT L, O i —
WFFEIX 3 Al R R A7 A R Je 3 MR
S HAR IR 8 A) ACHE B 2% TAE P RE B9 R W, 2R T
YR i 1 22 445 1 8 1 7 o 68 10 e EE AR L P RE S
B, ol N R i a3 7 pros il st r R s

&7 HBEEHD

Tab.7 Experimental factors codes

R %

E T FRREE, B AR A RLAL
mm (remin~") 42/ mm

-1.682 100. 0 15.0 6.0

-1 110.0 18.0 6.6

0 125.0 22.5 7.5

1 140.0 27.0 8.4

1. 682 150. 0 30.0 9.0

I RN 8 Fr , X, X, X, 7300 R Fl = i BE
PR e Rl AT R AL B AR B GBS (6L, Y, Y, Y 20
R TR VA QI VAR DI Bivk F i SV TVEQ DING 1 F [=F i
(=2 Hi/%7]) o

x8 HBEARSER

Tab.8 Experiment design and results

o iSES i br
X, X, X, Y% Y, % Y/%
1 -1 -1 -1 93.00 2.33  4.67
2 1 -1 -1 9400 200  4.00
3 -1 1 -1 89.67 2.67 7.67
4 1 1 -1 9267 233 500
5 -1 -1 1 94.00 0.33  5.67
6 1 -1 1 93.67 1.67  4.67
7 -1 1 1 90.33  0.33  9.33
8 1 1 1 92.00 2.67  5.33
9  -1.682 0 0 91.67 0.33  8.00
10 1.682 0 0 93.67 2.33  4.00
11 0 -1.682 0 95.67  0.33  4.00
12 0 1. 682 0 91.67 2.67  5.67
13 0 0 -1.682 90.67 5.67  3.67
14 0 0 1.682 93.33  1.33  5.33
15 0 0 0 94.67  2.00  3.33
16 0 0 0 95.33  1.00  3.67
17 0 0 0 95.67 1.67  2.67
18 0 0 0 94.67 1.00  4.33
19 0 0 0 93.67 1.00  5.33
20 0 0 0 94.67  0.67  4.67
21 0 0 0 95.67 1.33  3.00
22 0 0 0 95.33  1.67  3.00
23 0 0 0 95.33  1.00  3.67

5.3 RWERS

FII ] Design-Expert 4 X 4% % 5 22 38 55 0 HE
T 2 AR B 1R G A% 5 250 T 3T 4 BRI E S 48 BUH AT
Ty 225 b, B MR IR A5 R a2k 9 FiR .

5.3.1 B Y,

MR 9 Rl AS B ks R BB R 0 005 R AR
(P<0.01), &I P=0.5271, KB & (P >
0.05) , LI A 7E oA 52 ) & 4% 48 B0y &R
FCIRA D7 B AU o 52 i HERb g 5 A 48 £y 32 Ui
J7 o UMD R B X, RN R R X (Rl AT AL AL A AR
Xyo X, X, X0 X0 XS S g 2, S 48 T30 b R
E S SIEVEE SRR )

Y, =95.01 +0. 64X, —1.22X, +0. 38X, +

0.5X,X, -0.87X; -0.52X; - 1. 11X;
5.3.2 JmmissLy,

i3 Design-Expert 51 {4 % 2 95 804l 17 7 22
ST, H e AR AR R A R R E (P <
0.01) , LI P =0.0539, REE(P>0.05), Ui

(10)
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Tab.9 Variance analysis of each index

Ji% EER R HEB IR EA G e iE

KW PR HBE F P R AmE F P R AW F P
LAY 66. 32 9 18.50  <0.0001*  25.86 9 7.66  0.0006** 52.11 9 8.88  0.0003"
X, 5.55 1 13.93  0.0025* 2.97 1 7.93 0.0146"* 16. 62 1 25.48  0.0002*
X, 20. 49 1 51.43  <0.0001" 2.30 1 6.13  0.0278" 9.07 1 13.90  0.0025*
X5 1.93 1 4.84 0.046 4 * 9.90 1 26.40  0.0002* 3.05 1 4.67 0.0499 "
X, X, 2.00 1 5.02 0.043 1" 0.12 1 0.33 0.577 4 3.12 1 4.79 0.0475"
X, X, 0. 88 1 2.22 0.160 1 2.37 1 6.31 0.0260 " 0.34 1 0.53 0.4803
X,X;  0.058 1 0.15 0.709 4 0.014 1 0. 036 0.8519 0.013 1 0. 020 0. 890 7
X2 12.07 1 30.29  0.0001* 0.043 1 0.11 0.740 2 13.52 1 20.73  0.0005
X2 4.26 1 10.70  0.006 1 * 0. 001 1 0. 003 0.9589 4.14 1 6.35 0.0256 "
X3 19.52 1 49.00  <0.0001** 8.13 1 21.67  0.0005 ** 2.44 1 3.75 0.0749
5k 2% 5.18 13 4.88 13 8.48 13

24l 1.86 5 0.90 0.527 1 3.37 5 3.58 0.0539 2.32 5 0. 60 0. 700 6
PR 3.32 8 1.51 8 6.16 8

J=¥:i] 71. 50 22 30.73 22 60. 59 22

W ox TR 2 (0.01 <P <0.05),

BT A H Al 52 ) T 78 48 H00A0 32 22 DF R, 52 o il
i FEAE B YT S B A B LB AR X, Rl R 5
BE X, R AR X, o X X S R E XS B A
F A BR A B PO 35 D 2R S B Il T R
Y, =1.27 +0. 47X, +0. 41X, - 0. 85X, +
0.54X,X, +0. 72X,

5.3.3 HAumAEEY,
i Design-Expert 84 % a8 3 45 2% it 47 7 22
i, b R RO R WL A R R E (P <
0.01) , HA4UI P =0.700 6, K@ (P >0.05), i

(11)

30.00 1500 9.00 )
b 2 7.5
5 il
15.00100.0
"”/'/1"')

(a)

5 11
6.00100.0
n R

s FR AR L (P <0.01)

AT A H Al 52 ) B 58 48 200 32 2 DR R, 52 o R el
i HE TR RO TR O B v B X OB AR e
X, FPAJRIFLEAR Xy o XX, XS 5200 i 35, X 520
W 235, B B A2 B3P oA 3 R Y el 7 FE
Y, =3.73 1. 10X, +0.81X, +0. 47X, -
0.63X,X, +0.92X; +0.51X;

5.4 ZEHIXGKIEHNRME

10 50 3 6 45 R B KA Ak B T LA 3 SRR 5
B R AR AL AR 2 () Y 28 BLAE TR AR
FEBC Y, B R, R Rz T 4 s 16 B .

(12)

)
a

5) |
6.0015.00

.
Ve

(c)

16 PR 3R S AR X6 A% 8 B0 52 0 0 o7 it TR

Fig. 16  Effects of interaction factors on eligible rate

TEHEFP & Bl A) B AL AR 7.5 mm B, BORR 48
Il ORI )= e JBE 22 HL A FH X & M 48 B0 Y, B R T R
IO T TG A0 1] 16 JT s o F A0 SRR &5 ROR 48 % 1
15.0 ~22.0 v/min, # JZ & & 5 120.0 ~ 140. 0 mm,
HEFh i 19 5 1 18 BB, 1 BURD 2 56 i — S I, B
ol J2= oo B FR S0, SR DX A ] T 2 4 O AR T
FER, T TCAR BOZ W T K, A R R BOZ i BT R 2
o JRE A R, R g 0 K, TS BB W BT, A
T8RO R B 21 PR R B — S I, B IBURD $E B
FR 28T IR, HEF A% F B IR S B = 5K, A R T

FETTHEFD A% B R AOCR , IR BT B, B E0E
i b Tt 2 IRORR S B e R, SE R XA AR ] O K
I3 B o 48 KO8 M LT, GA% i BOE T R

K 16b Jy BU AP 5 55 53 fy 22,5 v/min B}, F )2 5
JEERRRAT R AL 2 A2 58 B AR R 5 4% 48 B Y, 52 Y
e o7 i . Fe AT SHERR AR B R A B AL AR R T 4 ~
7.8 mm,fEEE N 123.0 ~146. 0 mm, {EFr 4R 19 &
AR B  TEAE I B — s I, Bl 2 i B Y 3
R, FEFR DX ol 6] g 2 45 0, A3 R T SE R e ST 4R
Koz T K, B A% 48 BOZ W R O, B2 R B RGE I,
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2022 4

FERR DX N Rl E] ) S BOE e AR BB W T, SR

B ROZ T T B 5 2GR0 )2 w5 B — e i, B A A L AL
FEAIHE I, FE RN X A B9 H bR BB AR Rl E) s 94 R
5t ARV, T ST 4R BOZ W T B, 54 48 208
ETE A A RLAL A AR G R, SR BB i T
CEREEE VTS N o

Bl 16c g Fft 2 5 15 125. 0 mm i, Fh AT £L 2K 42
VR 56 5 3 A2 5 AR X 6 4% 48 550 Y, 52 el 1) i) )3
e . & A CHE RN 85 B9 R AT BLFL AR O 7.4 ~
7.7 mm , R 5 3 15.0 ~ 18, 0 r/min, HERP 28 1Y
AR TR BB AR A B AL AR — E I Bl A UM A
B A Z AR HERD 2R F B B4R St BE 2 8 Ok, A A
TR THHERR A 0 W R AOCR TSR AEBOZ R L, SRS

B ARG BT, 2 B R e R, FE R DR R ]
BN B i 2 B S48 B O, 5 46 48 KOZ i T R 1
YRR o T il — S I B b A DAL AR 88 o, ol A
WY HARFH 5 5 58 A BB AL b, e SE 48 808 8 T
W, S As FEBCZ W BT, R AR R AR R,
FEAR BB ETY SRS BOZ W T R

5.5 RESHMRNL

0 e A S BORE L, B8 AR IR BOR T
95.5% . 7546 BN T 3.5% UL KU FE 4R U T
1.0% 2545 5. 3. 1 45 i A3 2 52 Wi 5 4% 35 B B 22
MU A R A B Sl o )2 v B R A B LA AR, B DA
B 5 e e 2R X /IS B D A B LR AR A S S8 A
[, BB A A RLFLE AR 7.5 mm, il AR AL )
FITAS B AE S B X S AN ] 17 Fp i, JH rp BURP 5 4 i L
HYEFEN 17.0 ~19.0 v/min Bl JZ & B2 HE T F
123.0 ~133. 0 mm,

g RO A 45 2R A T SR Gl B e R AT
Bk e PRIEIER S5 PE A S A1 B0 T 1k E Al A B AL
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Fig. 17 Parameter optimization analysis chart
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