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Design and Test of Cyperus esculentus Cell-wheel Seed-metering
Device with Low-position Seeding and Cavitation Function

DING Li GUO Haigin WANG Wanzhang LU Zhijun LU Yanliu ZHANG Runkai
(College of Mechanical and Electrical Engineering, Henan Agricultural University, Zhengzhou 450002, China)

Abstract; Combining the characteristics of Cyperus esculentus seeds and the requirements of planting in
Huang — Huai — Hai Plain, in order to solve the problems of poor fluidity, poor filling-seed performance
and three seeds per hole scattered and falling due to the uneven surface and irregular shape of the Cyperus
esculentus seeds, a Cyperus esculentus cell-wheel seed-metering device with low-position seeding and
cavitation function and V-shaped groove was designed. Through the design of the diameter and the type
hole of the metering wheel and the additional V-shaped groove on its surface, the precision separation,
and filling-seed performance was improved; a low-position seeding and cavitation device was added under
the metering wheel, which can be used to lower the height of seeding and it can also gather the scattered
and falling seeds in the middle, which improved the effect of cavitation. The movement characteristics of
the seed metering device were simulated through the EDEM, the influence of different structural
parameters on the filling-seed performance was analyzed, and the structural parameters of the metering
wheel were determined. The speed of the metering wheel, the height of the seed layer and the width of
the type hole were taken as the test factors, and the three factors of the seeding qualified index, missing
index, and multiple index were used as test indicators, and the quadratic rotation orthogonal combination
test was carried out. The simulation test results showed that the primary and secondary order that affected
the qualified index of the number of seeds was the speed of the metering wheel, the width of the type
hole, and the height of the seed layer; when the speed of the metering wheel was 22. 10 r/min, the width
of the type hole was 14. 23 mm and the height of the seed layer was 52. 59 mm, the qualified index was
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92.11% , the missing index was 2. 24% , and the multiple index was 5. 65% . Finally, a bench test was

carried out to verify the simulation results, and it was concluded that the Cyperus esculentus metering

device with low-position seeding and cavitation function had better filling-seed and cavitation

performance, which met the requirements of precise seeding of Cyperus esculentus.

Key words: Cyperus esculentus; cell-wheel seed-metering device; low-position seeding wheel;

V-shaped groove

0 5%
Y5 B BRSO JE R ik 25%

FEREY SNSRI E = X AW NN 0 A ES R iR S DO EF U
HE A o 9T R A T T R R R T TR
Ak H, L r R R 2 7 ST X e
152.8 kg/hm’ | #7415 77.32 kg/hm* . i 75 T 3%
e 225K o3RRG S HE A . B ETIh IS A b
— FBCR FH G 08 ML A =X A8 2R 1 A AL, HEHE I ORS 2 8R
% ARE S UG it SR 4G A, " SRS Tl s
A o HERRERAE RS 2 1 A0 LA AR O A N R
L A NN T e N W AT

WS LA R M AR JEAROR BN S B
Toik S WAL BB M A, R T % g0 <) X HERD AR T
TV RS B AR R g R T R E N
i I AEAE DU HE R SR 758 2 (1, 254 15
B s M AR , e 48 T 08, HLBE S BURS % 46 A 5 IR
O P SRS S HE A AR e . A R 0K % HE
T 25 76 I 3 L 6K IR B 55 Bl 108 R 8 B AR 9
H BRRE B A AR M Y ENANE
AT N HE R A 0 R M BE S AR, B ORKOR A 22 5 IR)
WA T RIS AR TS B AT RN
FUIN T 2 U B P 22 L FE R R RE SRR 3 RN 45 4
TR 25 B X PEBIF ST o

PRI, A SCHR ) — ol e AR A o oy 2, £ b 42
SR o BT i BT I B AR AL A O CHE R
W BRI 455 EDEM sy Hil 5 4 i
T 25K B TAE S 88, 8 3 6 28 150 X HE A 4% 19 72
P PR RE A T AR B 2E 4T 55 UE , DL 3K B3k v SR
(ORI R i Bk R U N

1 HPEMERE

Y 3 X 70 2BV R BRI A T B
o 4 HIES AWIER, 228 9 60 cm , ZE[A]HH60 cm,
R AMET 13 em, 28 1 XA X 3 RIFR AR, 28 B AT EE
20 em, 7CHE 1S em o e 45 5 BloR B 5T Dy 1
FL A 73 A e S 1) 2 LA RO B 4R AR 3 o

2 HEMSEEMESEHRETERE
VF SR G CHERN AR 4 8] 2 ik o

40 20

Sl

Vo VI
‘ & 60 A J N
F1 WmPEMiEAcZ

Fig.1 Agronomy of Cyperus esculentus
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metering device with low-position seeding and
cavitation function

LJeJeth®e 2. WA HLE 3. SRR S 4. BESR 5. HERR
6. VMR 7. WA 8. LI 9. T IREE 10, IR
B 1198k 12 AR Ar R 13 A 14 3RO I E 4
1535 Fh R
I ST A 83 MR AR 5 5 AR ) oAl 52 P 4 Ao Al
IR IR A VA LR NG U I REE: SN REE
B AR R AS VBERE SF AL

HERP 25 09 TAE AR AN IR 3 iR o 3h 7 s R
ol 5 i i A 308 o A% 1 B R 4 4L 2 o3 Al Bl
ol il ARG A7 45 Ao 8 2 2l , JFG o A0 07 48 ol 4 1583 IR
Foft & [vi) 20 30 1) e 2y o MR Aol 56 e 2y, 1 il 90 S A
TAE A B F I AFR AR & IR EARAL,
FLATAT A ™ AR VIR TR a) LI 3 Rl AT A Al
T HUA S SE AL 3 e s R HE A A R 1) % 80
1 bR R 58 2 FE AL B R, 3 Bk A% L 5 B0 0 A
R R /INBE 3 R A o R 3% TR £ 58 /N Bl 1 3 s B
Ak HHE AT Tl 55 5 UK 8] T8 B 1) B2 o, 5 e HE b
e W TAE . FE A B SL R Il 95 S Rh 1 B s R HE R 4
o 2 M X B R BR O B SR RS
53 R HE Al e ] 25 0 A0 A7 45 ol & b X 17 #) £ Ao 4
RAE B LN B BT, AT LR AR LR Y AE T SR
07 3 Al 5 Bl AP ) AR L 45 e Bl 4 5 e v )



88 &l #Hl

L

2022 4

) SR A BA B A SN e I E TN it
iR v AT A, AT i o HE b 2 R 4R 7CRCR

3 iy o HE R A% AR R X R R
Fig.3 Schematic of working process area of

Cyperus esculentus seed metering device
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Tab.1 Three-axis size of Cyperus esculentus seeds
- K/ Vi e/ R/ %ﬁﬁ%/iw%ﬁ
mm mm mm mm
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e /MHE 10. 62 9.31 6.52
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Fig. 6  Schematics of V-shaped groove structure and

force analysis

G=F,
{ (5)

F,>F,
mE 6d fros, b S Al AL T VIR MY L2
AN IALIE | RUTR DO RTi N AR U S & A I A 1
Fo 08 o s IRHEM AR X o S M 7 345 1 F,
Hoy i FORLFS o 80
G =F, =F,sina + F,sina

F,=F,cosa (6)

Fi =F, cosa
AP a—F, 5 F, R M,(°)
WK 6e Fi7s , Fo iy R 532 11 J5 Fl 1 ) H
) F SR IR HERR S X LB ) F o5 1,8 F
W53 118 Fo ®0 F, 2550 01 F 5400 01 Fy 2 fAE T4y
1 Foit A
F, =F cosp
{F5:F4+F7:F4+F6cosﬁ (7)
Fy =FsinB

A p—F 5 F% A, (°)

WA (5) ~ (7) "0, fE 50 1 FgWIAEHT R,V
T I AT el 78 Ao DX A S 1) U LA 3B B0 4
AT HE A g A SR PERE
3.2.4  (RLLHANE BT

i R, ol T I B R HE R S i e
Aii 3 HER/NAT I 5 i B AL, A A R Y e T4
B, A E IS SR AR /N2 SRR, HL AR A S
5% MR HE Ao 0 e s Ay, B0l o 1l 5 R HHE D 42 T %
MELLE B[R AE S ST b il TR
e, G sl 7 s

T PRAIE V5 SR IR s R HE 5 L L Y
7 B A £ P e ik b R A, L AT A 23 IR0 o 1)
e SR AR, Bl AR A 50 B8 e % R L R B, Al



90 £~k

2022 4

BT AR AL £ b e 25 4 7 B

Fig.7 Schematics of low-position seed wheel structure
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Tab.3 Population state with different vshaped

groove distribution groups
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Fig. 13

Population status with different

V-shaped groove distribution group number
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A BRI I B 55 5 TR HE R S 2 L AT A
AR BT B s R RE L T AR LA N
75 mm R I SOR) B, LR B AR 0. 15 mm, 45
3.2, 1 TSR IS H CRAALIR I T T
W), B S s IRHEF A 2 Ly 1.0 ~ 2.0, ik
W R A 3o 1.0 1.4 (1.7 F1 2.0 B #4705 B
IR, S5 NER 4 FroR . Mg 25 B n] A, AR T
it /INE, 5 A T 5 IR HE R AR A DD AL T R AR T
HEAR ;22 B Lo KB, 5 K 3 a5 5 HR HE 46 A
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Tab.4 Simulation results of different line speed ratios
HRE SR EEER WEE
o EREROEY ZBRAR
{8/ % B/ % {8/ % ¥/ %

e FE RN K%

85 7

86 5 84.33 1.81 7.33 22.2
82
92
91
90
84
89
85
84
83
81

1.0

—_
(=}

91. 00 1.10 4.67 17. 4

1.7 86. 00 2.01 6.33 20. 36

2.0 82. 67 1.56 6.33 20. 36

W N =W N =W N =W N =
AN ©® Ww»m|xw w»i N W W

DI Ab (b 2 i 6, RS Bhad L DL BB F T
Fio 2 BRCAOL HLAE B 1T TF ) O 45 & 05 Bk 56 45
B MLt 1.4,
4.4 ZREAEXREFHEHERR
4.4.1 ¥ H R HL

SR 5T 5 R HEAh 48 5 R FL B BE R R 2
Xt HEF # T AR BE Y 52 M, 3 T R PR R 00 T A
BT 2 Bk — 25 F 5 45 D 22 5 HERR 28 T /M R 1Y
SO, A A O R R I B SR A T R A e
JBE AN 10 ~44 v/min, BIFLSE BEJL B O 12 ~ 16 mm,
it 2 8 FE VW R 30 ~ 70 mm, R R n g 5
iR, IR T RS RnE 6 fin, Hd X,
X, X3 500 e W HE b 40 5% o | AU AL 58 B R )2
e T

x5 HBEREHD

Tab.5 Factors and codes of test

K %

4 IR AL 58 i/ Fib )2 126 2/
S/ (remin ") mm mm
-1.682 10. 00 12. 00 30. 00
-1 16. 89 12. 81 38. 11
0 27.00 14. 00 50. 00
1 37.11 15.19 61.89
1. 682 44. 00 16. 00 70. 00

4.4.2 55T
% 7 B, i A &k 31 3CF Design-
Expert 8.0. 6 #1720l 4 &, g7 & 4% f8 50 e
B ERERR S RN Rk 2 Wi m AR,
(o] AR TR 5 2 0 A F S S PR R I 2 SR AN 3R 7
Mo HIERT AL, G 4R BTN HE 15 A R R B
R G AR 3 (P <0.01) o H 18103 J5 F 2R AN

x6 HBRITELER

Tab.6 Experiment design and result

L S IR WIEHR EIRIE A
FEX, X, X, Y./% Y% Vi %
1 -1 -1 -1 80.95  10.12  8.93
2 1 -1 -1 6548 31.55  2.98
3 -1 1 -1 81.55 10.71  7.74
4 1 1 -1 75.00  20.24  4.76
5 -1 -1 1 82.74  7.14  10.12
6 1 -1 1 67.86  28.57  3.57
7 -1 1 1 83.93 536  10.71
8 1 1 1 75.60  18.45  5.95
9  -1.682 0 0 82.74  7.14  10.12
10 1.682 0 0 63.10 3512  1.79
11 0 ~1.682 0 75.00  19.05  5.95
12 0 1. 682 0 83.33  9.52 7.14
13 0 0 -1.682 81.55 16.07  2.38
14 0 0 1.682 83.33 595  10.71
15 0 0 0 89.29  5.95 4.76
16 0 0 0 91.07  4.76 4.17
17 0 0 0 92.26  4.17 3.57
18 0 0 0 91.07  4.17 4.76
19 0 0 0 89.88  4.76 5.36
20 0 0 0 91.67  4.76 3.57
21 0 0 0 91.07  6.55 2.38
22 0 0 0 89.29  8.33 2.38
23 0 0 0 90.48  6.55 2.98

3 5 IBRE SIS BT .

XFF A A% AR BRI O R L X XA XL X P E K
T0.05, 52 AN 35, B A& I Y 5 e 34 I 3 B
BE, R P =0.697 5, U WA A7 78 H & 52 i i
PEAEAR B EER ZR o X T I 6 95 8 m = 07 7L X X
XX 0 PAERT 0.05, A R E, e &0
AR R 2. R P =0.539 0, BLHIRfE7E
e R e A AR Y E R R X T E R e Al A
FELX, X X, X X, XX 0 PAERT 0.05, 520
AN B A T 5 e Y 2 O 2 R AU
P =0.213 1,38 B A A7 78 H B 52w Wi 1 48 b 19 32 2
BRI o S BRAS 2 9 [l D 50, 7 CRE [l 5 458 A0 I 2%
JAUTIA 5 25 AT EE T, X5 46 48 550 IR B 48 B B
45 8000 01 7 R AT SR AULA, BUE R
Y, =90. 69 —5. 73X, +2.42X, +0. 74X, +1. 93X, X, -

6.44X; —4.23X2 -3.07X; (9)
Y, =5.55 +8.24X, -2.83X, -2.21X, -2.53X,X, +
5.60X7 +3.18X; +2. 02X (10)

Y,=3.76 -=2.51X, +1.46X, +0.84X; + 1. 05X +
1.05X; (11)

X)) ~ (11) [l T 2R BH A 3 45 1, 52
W] 5 A% 18 BRI 478 18 B0 A 2 U T 3R O < 8 TR HE v 4%
B RALTERE PR Z R . R AR R B E A
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Tab.7 Variance analysis
S [ERiEiR S TR TR Gk ECE
SEA AR F P SEIFA AR F p A AR F P
A 1 646. 54 9 203.32 <0.0001 1871.59 9 112.34  <0.000 1 167. 36 9 12.23  <0.000 1
X, 448. 47 1 498.41 <0.0001  927.33 1 500.97 <0.0001 85.89 1 56.50 <0.0001
X, 80. 03 1 88.94  <0.0001 109. 37 1 59.08 <0.0001 2.26 1 1.49 0.2439
X 7.53 1 8.37 0.012 6 66.43 1 35.89  <0.0001 29. 14 1 19. 17 0. 000 7
X, X, 29.92 1 33.25 <0.0001 51.21 1 27. 66 0.000 2 2.83 1 1. 86 0.1954
X, X5 0.18 1 0.20 0. 664 7 1.58 1 0. 86 0.3718 0.71 1 0.47 0.5069
X, X, 0.18 1 0.20 0. 664 7 0.17 1 0. 094 0.764 0 0.71 1 0.47 0.5069
X3 658.75 1 732.12 <0.0001  497.90 1 268.98 <0.0001 11.29 1 7.43 0.0173
X3 284.43 1 316.10 <0.0001 160. 45 1 86.68 <0.0001 17.57 1 11. 56 0.004 7
X§ 150. 05 1 166.76  <0.000 1 64. 82 1 35.02  <0.0001 17.57 1 11.56 0.004 7
R 11.70 13 24. 06 13 19.76 13
Ei 3.22 5 0.61 0.697 5 8.49 5 0.87 0.5390 10. 54 5 1.83 0.2131
iR 8.48 8 15.57 8 9.22 8
B 1 658.24 22 1 895. 65 22 187.12 22
RN B IRHERR e e ol R 2 R LI T8 A R e, e 5t AR 14 TS o a3 S A A

4.5 ZFEREXNHMERIEHNEZIN
i# 3 Design-Expert 8. 0. 6 X 545 #E 17 40 38, v
75 3] 5 R HE A A e R L 7R L B R RRR ) 8 BE R G A

16.0 : 700
14.4 30. 437‘2 ol 62'054 0
By 136 - 1 8’236%1{\{’9& Ay, 460
e 5 fag:
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Fig. 14 Response surface of influence of factors interaction on qualified index

1 14a n] R0, Y L 58 KE — € B, Bl 3 IR HE A
RF G HEA AR 1R RO BT R TR IR
HEFob 4 e o — S I, B AL 98 JBE A 38 O, HERR 5 A%
FRRR B S BT IR TR

i 14b L1, o3 AR HE R 48 5% 3 — %E 1, B A
JZE R BE R REOR HEFR S AR S8 U TR T . RRR
19 5 — A I B T MR HE b 8 e 3 1 3 O, HE R 5 A
FRER RS BTG R R .

HI & Ldc TR, 280 AL GE B — 5 I, B3 b2 85 S5
ARG, HEMD B MR 20E BT R R Rl = m E—
SE N Bifi 3 5L 58 B2 9 38 O, HER 5 M 15 KR AR 5
THE TR i LR AR, & HNRUKLANRZ
[F1) 149 52 AT RS R 25 A 1 RE S e R, O TR
T HEHE R L 2 B, 0 55 AR HE b 48 e il 20 L 98
JEE R e R, S B IR 2R ) 2 R0 S B DE TR R
RS GIES 8

L& M 16 B o8 fe 2 0 16 H A, R 5 JB/T
10293—2001  Fkr (F5 5 ) # Fp HLEE A % 1) v 1 22
KM SIS IEEOR T T 80.0% , EHE I EUD T

FET15.0% B HELENTHT 8.0% . 45ia% M
RINAFA LS HACEC R, JEAT AR A,
HH xR R B2 A A Ry

F.=Y-Y -Y (12)

Y, =80. 0%

Y, <8.0%

Y, <15.0%
s. L. (13)

-1.682<X,<1.682
-1.682<X,<1.682
-1.682<X,<1.682
iz 1] Design-Expert 8. 0. 6 i It AL 4 B, % 29 7
HAREAL K A 15 3 5 R HERh 4854 3 22. 10 v/ min, Y
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FLIERE N 14,23 mm, FP )25 FE A 52. 59 mm B, HEFh
EARAE R R . AR IR 92. 11% |l #7545 Bk
2.24% EAEKIEEH 5. 65% .
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5.1 K& H

AR S 53 591 Sy B HR HE A A i | 6 TE il
A A B 7 CHER R 0, R JH A 128 40 28 5 40 il oy b [
Ay K2 BF % 1 Al 2 A A A A STB —
700 AURE R I & V5 SR SR A AR R A
Be PR Ak i) rhyh 5 1 45, Bkl 8.27% , il 5 b o5
] EE AR R A AR RO 3 A TAEF T ol o
5.2 BERHAFMRHMRALN

ARz B 7 CHER A% %8 iy b2 FR 53 MR HE 48 HE A
i A 2 AR AR SR AL £ A e 4H 0k, s HR AR b 42 RE
X o S BIORG e AT 800 B K R W IS S AR A 4R X
BUAE Y TAEVERE , PR H AT A0 %) 553 R HE b 56 1 fiE
HEATHIEIE o NG REARAL BE o CHERD & b2 30 5 AR HEFD
82 2 v [E A R 2 WF K 1 AR R 2 1 RE AR I A
b 1S R o RO R T e IR HERN S S = HEIE
R I AL, PR ok g R 28 AL v b 8 0 Y 290487 o e = A
SR S T gt . WE DT B E B ES
Ko W AR b A % O 22010 v/min, B fL S N
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Fig. 15 Performance tester for seed-metering device
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Fig. 16  Physical map of seed-metering device

performance test device and sowing effect

Tab.8 Test verification results %
T 5 AR OEHES GigiES
1 90. 38 2.88 6.73
2 93.27 1.92 3.85
3 91.35 3.85 4.81
1 91. 67 2.88 5.13

5.4 &R

MR K 52,59 mm, 0 FL G5 14,23 mm
At 3 RCHE D 2% 55 AR 48 5% 3 10 ~ 50 r/min, 3 56 1% HX
TORLEL A8 3 I 16 | T % R 0GR R (HEFP AS
2 TAE 3 min, #4740 11) AR B 2T B ik
WAe bR, PP HERD SR TAEMERE . s Rk 9
7R o

R HMBARMEKEER
Tab.9 Bench performance test results of

seed-metering device

P B/ (vemin ")
10 20 30 40 50
B HRS % 86.54 88.46 90.38 85.58 80.77
G2/ % 3.85 2.88 5.77 12.5 18.27
FHIFR/ % 9.62 8.65 3.85 1.92  0.96
% SR/ % 0.36  0.45 0.62 0.95 1. 34

BRI AR TEHE/ mm 56.29 58.05 64.93 70.50 79.57

MR R 9 W AT, Y AUAL T8 B Oy 14. 23 mm  Fj )2
{5 BE R 52,59 mm B R A SO G HERR AR S A
R B e S 1S I S 1S R JE B/ 7E 30 1/ min B, A A
FikE] 90.38% , H A R AA/INT 80.77% , ik
PR BR T 1.35% , nf LAyl L FE AP 2R . WX B2
V- A {8 it B A 0% 348 o i g K, H b R HE R 4 5 R



96 Y S ]}

Moo 20224

18 50 v/min I, J5CE AR EIE R K, 79. 57 mm,

Ry it — 2 25 B I i AR A B O 2 AR
AE XS ARl e 3R 3 20 e s AT 3 R A,
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Fig. 17 Maximum seed dispersion spacing at

different speeds
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