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1 KPEZBEHMSRE M TERE

1.1 %8

W 1 FTR, A RSO =R 8 e HERp
HEDGHE . HER g 5 1 - bl o5 11 2 HEPh A
SHHERN L. FPEE L RURRAL. Bl [ R AR AN
BRI SRR LS AT B B HEFR % 1A% O
Z—, BRI G EE KRB R R . S
R HERr, AL WAL FLRANAL, AN FLE A
1 90°, HiEFpAR TAEN, BT WNAMYFLERIIAH,
SHEFR AL L N AR L3S T e e 180° 4 e HERR A

RO P9 SMRER o AR (i R PRt B L
WARRAG, PAPILA N 1 BIHERIAL, PIHERRL
5 R LR B R R dy, il B SN
I SAME R ALOL B RN do AN s
RUALAME d HRAE RS R S Bt 11 mm. W AE
TP R RURZEATL, A0FL Ll A
WA FAFPR OB, BIFL F 22181 2 mm [ 44
FIR 2R (E BRI, 46 8 4, Nt iR
8 A ) 5 SRR SE OB A 1.5 mm, AR5 20
HEFIREIIB J9 0.5 mm, FRIRPRLR ARG 5E, RAg2
RGP, s, RS, W, AZn

Hgpm s 0,

a. IEALE

210

105

b. 1K

b. Vertical view

Lo 20 #EAEE 3. Rk 1 40 FRMVARRRE T 5. EHERREL 6. BhFERME 7. RAE 8. RIARZE

12, 92Fe70 13, HEFNL 140 9ZEFL 15, AMRFL 16, 4L

c. hifephat

c. Moving metering plate

d. 5L
d. Type hole

9. FhRI 10 [UEEEE 11 HERRE

1. Axis 2. Bevel gear 3. Sower cover [ 4. Sower cover Il 5. Fixed metering plate 6. Moving metering plate 7. Seed box 8. Frame of brushing
seed 9. Seed brush 10. Fixed base 11. Seeding tube 12. Bolt hole 13. Seeding hole 14. Internal type hole 15. External type hole 16. Hole

e o AFNHFLRREE, mm: o A EHER K AE R .

Note: d is thickness of moving metering plate, mm; w is angular speed of moving metering plate.
B 1 KRB A XA E AT B E

Fig.1 Structure of horizontal disc precision metering device

1.2 ITiElRIE

Hifp s TAERS, ERFFRIEAFAE 7, shHER
BE6 fEih 1 iy sl SRS IATE IR, FPRLAEE ) &
B0 VER F RN HERR L 6 AL 14 R 1S W, 7E
SNHERNAL 6 TEFE I RE PRI AL 8 bR 9 il 2
KRN, YRR 6 AL 14 AT 15 ek S e
HA R HERR L 13 AL E, FRFFRIAET )

EH M 222 T e HEPP AL 5 R 11 BN
BRI

2 HIMSREREMEN

2.1 hESHEMmE

WA EHERERE 4 5. 15, &1L 101
i S AT R . ot Jo BRI ORKPRL, PR
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TKEIE 132% /470 43 I BkIE 3 AN FIR 5
R KFFRL 10 K, FHRSPARIL R, Kol
TNA — ERBUKE) 20 mL w4 H, & AR .
FIFH 2 B A 3 AN S ORI RIEAT U, 2R 5
WOV, BRFFRP 3% 4 1250 kg/m’

X 3 A fl R KRR AT 8 AR R
KBS T R I 28 it 6 1y i v A o 55
e, SRIGHCPSY, PIFERTE Y 216.6 MPa.

h AN E FORFFRLRA L, H7E K2 12 mm,
W) 8 mm, JEL 4 mm KA. W kg
CMT2502 J3 ik AL CRYIET = T8 s = R Ok
J%0.01 mm). XL2118 iaS W AR e 4 (AR 73 ¥
1 pe)s FEFNAS A (4mmX 7.5 mm). 240~360
HRVIWAL. 502 PR M L Z L& B4 . iR58 J7
e AE T RDACKE FOKKFFRLS B 7 ARIRFE (9 mm X
9 mm X 3 mm); 7EGFE M T 73 AT 9A In) A ) B 502
PR TRREG P B AR Fr s AN R B S G e Tl
BHAVAR by K 2R 5 — i 2 81 XL2118 e 14X
b, ERREEE T CMT2502 IREHLE, xR
FELEAT (0% i) R 4k s A FOK SRR AR 2 Mk
FE, 36 AMRFE. 25 30, 90, 150 N ndk Jyidk
T ESRY:, BOFBIMEA 0357, Ml fEanp 2
BTN o

B2 ERAFA AR

Fig.2 Measurement of Poisson's ratio of corn grain

PIRSHINE 1. 3£ 2 s, HABZSE SRR
[13-14].
F1 HMEHEREMBSY
Table 1 Material parameter of simulation model of
metering device

ok HEL /N YDA B9
Material Poisson’s ratio  Shear modulus/MPa Density/(kg'm™)
Tk Corn 0.357 2.17x10% 1250
i Steel 0.28 3.5x10* 7850
Fiil Seed brush 0.40 1x10? 1150

*2 HRSRAEEE B RHEM S
Table 2 Material contact parameters of simulation model of
metering device

Coefficient of Coefficient of Coefficient of

ey X

Form of contact

restitution  static friction rolling friction
£ K-F>K Corn-Corn 0.60 0.5 0.01
TFK-BE[H Corn-Steel 0.60 0.3 0.01

FH- K Seed brush-Corn 0.45

2.2 EREBEIEEAEN
2.2.1 MR A4t

T FLIE RN RS0 TR B A i A 21 52
Wi o A CRAIE KT [ 25 S CHE b 28 R RS S AL R e o
P, PRUERLFLIR LA ah 1 WP+, HR A
T 15 AUZE VR R AR 3 BT R ST REOR I KBl 1
AT, 43 HIE 100 BRI K 44 4 5. i
FE 1S5 RA 101 B TE R KPP, DRk Ly
By JE T (K 3). 3 Pt KFFRi gt ) FIE
WL 3 FioRe 3 PR KFFRCFI4K 10.86 mm, “F-3)
% 7.22 mm, “FHJE 5.12 mm.

0.5 0.01

Lo 20 i 3. Wi 4. Ui s, R

1. Crown 2. Umbilical part 3.Back face 4. Lateral 5. Ventral face
e LOAFANFRACSE, mm; B FARNFRIERE, mm; T4 FARFFRL
JERE, mm.

Note: L is length of corn grain, mm; B is width of corn grain, mm; T is
thickness of corn grain, mm.

B3 EARAFHEIMYRT

Fig.3 Overall dimension of corn grain

R3  ERFFRASMERST R

Table 3 Overall dimension of corn grain

EHKEL PHEEBR  CPHERT
il Varieties Average Average Average
length/mm  width/mm  thickness/mm
FE4 5 Jinsui 4 .21 7.89 5.34
#4145 Luck 1 10.94 7.53 5.24
A1k 101 Agrochemical 101 10.43 6.24 4.78

Pk 55 G5 HE AT ST SR 4 5 (A AR Pl
7 IR 2 5 R H AR R 22 I A D T KRR 5
J B 7 IREAT V)R, A7 FERERZ0 1 mm, {6
Y% LK 10 mm RIETT B, B A RCE TR
J7 A T BT P 7 1 A B AR L AT P 15 R
4. i H Photoshop Xt ) F B % HEA T8k 85 1 1 ~T i
8, A AR B IE T X o 5 V83 1 KB
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EIE T AutoCAD #AFrh, A Bh AR Ak rhAE 4k it 2
i A AE I J7 T W K U) 8 B kAT 4 1 46 36 7%
WALy, HE L E#AE, A TR 1)
A S 2 ok, 23 ARAF N . Dwg 4% A SCAT .
2.2.2 HANES

7E Solidworks HHZEZ A 5 1 mm f¥) 9 NIEHE
I, Rzl ). Dwg SO B RKFFRED) v E TR
AN ) S B DN IR Sy VA OB o7 T T e & /9 A
PRSI IE DT DU A RO S 5 (B 4a). SR
FH A B U AT AR T AR R 2 B AT SRR, AR
SE R T K = AR AR P 46U A SR R R 2R
B IR T TRAPRE 2 (] 400, JF
1% Bh EDEM %14 H shil 5 KRR TR 5l

<>

> t -
S— ‘ el

= L=
=

a. FRINFEER

a. Section profile

b. FPRLSEAR
b. Grain entity
B4 ERATHAER

Fig.4 Model of corn grain
2.3 HEFhSRAERIRYEST

H T AE PRI, ANCH R KRR, M
AN RE A A o K A 5 A ORS B HEA 28 — 4
P DLX T #%30% N EDEM B -3k 04 52
P05 FLARE s TOKAEIY A 1~ 1 AR BORFr 1) T 2
2000 4N/s, FPRLEECH 1000 Ao {7 HZHBE
B8 W T ST IR A B A ORS B R 2% 07 EOAR
B s fross

c. B
c. Discrete model

Lo FRBEARVERSCFI 2. HRhas 3. FoRBURLE

1. Plane of generating corn model 2. Metering device 3. Corn particles

CERES Y FECIE s gt
Fig.5 Simulation model of horizontal disc precision metering
device

3 FERE

3.1 WA
EDEM JJy % HI& I B U Tovk )k . v Bk

R A B ROR R TR, TR L A4
LR HAth 4 B MR 7 ORI AR R, S
JIT 32 ST P R RORABS 7Y A= B T L AE R A N R
18, F¢ ) T ] EDEM 5 K FR £k 43 A T 2R — 4
ATRRAL T HL AT 50805 J5 A o A S0 EDEM 1) 504
ARG IEASRE 454, S ACE R A 2 UORs B R 28
S e B RO T I,

3.2 (hEWESHMIRE

FORFFRLAIHERD 25 (AR R i 5 WA 1 AN
% 2. VOEATENEY 2 min, AN 1X10°s,
RN 588 7K 58 25 3RS St HE R 2% v b 455 28
[HENCFL BRI RR . HERR SRR, 14 BRI
R NBLSL ) ) (PR PR S 5. A T
TR WEATRLIIE B BE, 3 B HEP 2357 L) Mesh
e IR.

Bl 6 Sk 7K1 A 28 2ORS S HEFl 8 10 HERD 07 200
o MO ELaE R 0.57 s IS (& 6a) BhHEFEE—24
TYFLRIK 2 MRS R T HERT DX, A Rl B R
B NHERRX s 0.85 s (P 6b) Hf—ANfLE5E 4
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4, 1.99 s (| 6c) BT K¥FRiAT—F it ARFL
W 2376 s (B 6d) BHFFRCgPEATAL, i
FPHRRA, © A ALIR RS ), AR E T
HENZIAL, BEBIHEFI LR Bl o AL 2o Rl
PR L E IR OOF PR HERR DX, bR, 5 —70
Lt e oe e R &t 22 Ml 4.16 s (] 6e)
IPRFRL BE R FLEE 42 0 HERR A, b IHER AL, KT
BB EH FNHEMA, S8 T — kA, kil
By HERH I IE H HER e s R
3.3 HEAKIER

B IE 56— ROFPRL 78 S HE R B B FLAE, I 2
FREFERIE DL, EIRFRAE. WE 7a Fix, Eike
TUFLFSHBURIG 2 RkEk, HZR T 5 A stk i il
il GBI BEHERN T, SENTELN . ESE R
RE AR I BRI B E KRR S B ROS] R
A K WHEREE 2 Fh: B FHPRIEIL W E
1 JE FERFRL G L BE 4 ) R0 S A F AR R 22
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44 Rk TR

a.0.57s b.0.85s

c.1.99s

o

d.3.76s e.4.16s

Ve WO TORBURLRE: AR EFARCR N R S8 2000 00 NI FLE)) i A TR RRL, I AR (BRI AR VELLXUSRIZR RN B ALK AL B st

MRS KT A MBI, F

Note: Blue grain is corn particles. Gray grid is model of metering device. Red grain is corn particles having trend into hole, and which is marked with green
dotted circular. The position of type holes are marked with magenta double dotted circular. The position of seed brush are marked with yellow dotted line or rectangle.

The same as below.

B 6 HFPidAfrA

Fig.6 Simulation process of seed metering

It N S i
e T AR

a Tk b5 1 Pl %

a. Replay

N VR

b. First miss-seeding

c.55 2 i #R

c. Second miss-seeding

B 7 EHAREN IR

Fig.7 Simulation formation process of replay and miss seeding

3.4 RIWEZEFIEHR

Z 2 |k (R %) B M N R 5 7 &
(GB6973-2005) P01, kfekifikciade s. Ik
FREC M FVEREIREL D AE A AR F AR . S
THEALT:

s =" 100% (1
N

M ="5100% 2)
N
n

D="24100% (3)
N

KA N EIRHR LG no WEEHMEG 0 R
FEHERI G ny A UsHERN L

TUALR ST L REA AN 1 ki kR, HARE
B — RN 2 bid /M. 1l BOKR RTS8
THfiE T TR AR BURSE, i e e 2h
PRI IATE . T HR/N—3, EHER 7 3k
B0 A ARKG TS LR NN L = JEAE M R e el
A RS EA A 11 mm, SHHEFELE N 6 mm.

T8 Ik AR 7K [ B ORS  HE R A S AL
HISHER B3 (r/min) BhHEFIELEE 6 (mm)
FIRFLIA A2 (mm) 3 MR Z AT 2R K,
RN 3 A K, Horh 2 HR 4l 5 2% 3
BR[71150 €, BhHERP 2 5 FEAR P8 A S R oK RS gt
e, BAL BB AR BUETEF 1~2 mm.

FRZRAF G 4 fros
F 4 HFhReERIE R RKTHER
Table 4 Test factor level coding of metering device

X125 Factor
FHM LS B

K BHER AL 4

VLR 4 2L
Level Rate of moving Thickness of &‘?L b #h .4%1 ¢
. . Fillet radius of
seed metering plate/ moving seed tvpe hole/mm
(rmin™) metering plate/mm yp
1 14 5 1
2 17 6 1.5
3 20 7 2

3.5 RIG4Ls

B ERNA AR, HIIFAEE Ly(3D)
SEHRARIG TS, R 45 R AT IF 5 3K 6.
3.6 HRAHEMMKL

REEE A RSSO BT . HHRENE AR S XTI
TS (R 6) I, UKL AR S 1 3 AN
EEWIF AL f % O> B 4>
R ERE B, HOB PRI AR (6 5) 3
AR AR R AKCE SRR SR FE 5 S sy LA
Y TRLEE A R SR HL S AR E K CidaBye A
SRR RSB NRAT . H7E 5. %6 6 T4, M
FIRIEHN 3 ANHZZ E W A SR R B>
EIHER 3 4> RFLIR A4 C, B AR
(RIEARALE h BodyCys SRR S0 3 AR E
VB h BRI LS A>T LR 240 C>BhHE
Pt 5% B, EEWIRARIREUO SISl 4,C1Bs.
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Table 5 Results of testing

e X% Factor RKE VPN FE bR Test evaluation index
Number A B (AxB)1  (A%B) c AxC) (AxC)y  (BXC)i (BXCO) N D M

1 1 1 1 1 1 1 1 1 1 97.31 2.44 0.25
2 1 1 1 1 2 2 2 2 2 94.64 4.94 0.42
3 1 1 1 1 3 3 3 3 3 92.27 6.84 0.89
4 1 2 2 2 1 1 1 2 3 97.05 2.43 0.52
5 1 2 2 2 2 2 2 3 1 96.16 3.06 0.78
6 1 2 2 2 3 3 3 1 2 96.01 2.76 1.23
7 1 3 3 3 1 1 1 3 2 95.91 2.94 1.15
8 1 3 3 3 2 2 2 1 3 96.36 1.62 2.02
9 1 3 3 3 3 3 3 2 1 91.58 6.30 2.12
10 2 1 2 3 1 2 3 1 1 97.45 2.10 0.45
11 2 1 2 3 2 3 1 2 2 96.54 2.44 1.02
12 2 1 2 3 3 1 2 3 3 95.21 3.16 1.63
13 2 2 3 1 1 2 3 2 3 97.05 1.83 1.12
14 2 2 3 1 2 3 1 3 1 96.38 1.73 1.89
15 2 2 3 1 3 1 2 1 2 96.29 1.70 2.01
16 2 3 1 2 1 2 3 3 2 96.11 1.35 2.54
17 2 3 1 2 2 3 1 1 3 95.25 3.38 1.37
18 2 3 1 2 3 1 2 2 1 93.78 3.12 3.10
19 3 1 3 2 1 3 2 1 1 94.62 4.26 1.12
20 3 1 3 2 2 1 3 2 2 93.28 4.49 2.23
21 3 1 3 2 3 2 1 3 3 89.65 6.25 4.10
22 3 2 1 3 1 3 2 2 3 96.35 1.76 1.89
23 3 2 1 3 2 1 3 3 1 95.26 1.53 3.21
24 3 2 1 3 3 2 1 1 2 94.58 0.59 4.83
25 3 3 2 1 1 3 2 3 2 95.64 2.02 2.34
26 3 3 2 1 2 1 3 1 3 89.23 8.43 2.34
27 3 3 2 1 3 2 1 2 1 91.21 4.66 4.13

K, 857.29 850.97 855.55 850.02 867.49 853.32 853.88 857.1 853.75
N K 864.06 865.13 854.5 851.91 853.1 853.21 859.05 851.48 859
K; 839.82 845.07 851.12 859.24 840.58 854.64 848.24 852.59 848.42

K, 33.33 36.92 25.95 34.59 21.13 30.24 26.86 27.28 29.2
D K 20.81 17.39 31.06 31.1 31.62 26.4 25.64 31.97 23.23
K; 33.99 33.82 31.12 22.44 3538 31.49 35.63 28.88 357
K, 9.38 12.11 18.5 15.39 11.38 16.44 19.26 15.62 17.05
M K, 15.13 17.48 14.44 16.99 15.28 20.39 15.31 16.55 17.77

K;  26.19 21.11 17.76 18.32 24.04 13.87 16.13 18.53 15.88
T A By CONBHHERSEGE . ShHERh 8 AR LI M AR MRSt Sy M. D JoRiBE AR, INIRIREOR AR BdoAs; Kiv Kov K 4%
KRR, HAE N K;i/, (RKH: j=4. B. C. AxB. AXC. BxC; i=1. 2. 3; x WK

1

Note: 4, B, C respectively represent coded values of rate of moving seed metering plate, thickness of moving seed metering plate and fillet radius of type hole;
S, M, D respectively represent values of seed space, replay and miss-seeding index; K, K,, K3 respectively represent sum value of each level, which are come

x=9
from K, = z.j,. (Formulas: j = A4, B, C, AXB, AxC, BxC; i =1, 2, 3; x is the number of groups).
1

xo6 HENMER

Table 6 Results of variance analysis

b 5K e 1 df )y % FI St
Test index Variation source Standard deviation square SS Degree of freedom Mean square MS F value Sig.
BIBES R Fe R S A 34.763 2 17.382 7.564 *
The qualified index of B 23.619 2 11.810 5.139 *
seed space c 40.295 2 20.148 8.768 *
. A 12.255 2 6.128 2.030 N
ﬁ?@n‘a%ﬁ D B 24.481 2 12.240 4.055 *
Replay index
c 12.120 2 6.060 2.007 N
. A 16.221 2 8.110 37.514 *x
. dﬁé?’é};iﬁ M B 4.556 2 2.278 10.537 *
Miss-seeding index
c 9.342 2 4.671 21.605 ok
AC 2.397 2 1.198 5.543 *

T “*” FoRWE: O RO NRRARE.
Note: “*” means significant, “**” means very significant, N means not significant.
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DLA RS R R = o B SRR ORI %
FRECBAR I, A 5 e HERD B (1) 2 IR A
RIFLIA A A2 C> BhHE LG 4> B HERR L )5
B. BT 3 NMAEHXIREARTR S i g, H
HIBMIKEA 4:B,C1s RASHF L JERE B X HF
R D e 2, HILRARK R By, XL A
5 R R B R B3 A AL LR A 242 C /KT
A MR B 545 48 S IR Tl 42Cys )
HEMp Rl A RUALIRA A AT C IR TR H0E bl
B2, SHEMEEE B AL AR C RishHER
B A B8 HOoe Hesg e 8 2, HIEUK N
AyByCy s JIT DA 8 5w HE Fh it = AR AL A A
C142B,, BN HER B HHK 17 t/min. ShHEFI L
JEEE N 6 mm. B 24200 1 mm B, RLEESA% TR
B 5=97.05% . TEIFIRE D=1.83%. I I&E 5%
M=1.12%.

4 RIwIIE

H T W FARE AL 45 AT IR, 2012 4F
6 H 12 SEH Rk NG IS 553806 AT T
IRV 285 3ORS B HEAh 2% 16 L TR ARG . 56 i
50 mX 15 m, M-, mlbEm. 2588, ©
oA L, MK R A X R AR AR SR
K, SRR 2R i A AL B

TOKFIRE SR SR 4 S, A, RhET
BT 384 g, P FAMERSHFHME R 10.86 mm X
722 mmX5.12 mm (KX % X&), #EREN
44.6 kg/hm®, YENVEN 7R LLH Sep R176 756
HUAKIER NS FHAER AL, TR 6.3 kW, HHLIK
RFEEEE A 0.5 m/s. WRIGAEHLR H 236 KT [l 4
TR R 25 i oK A X2 v A RN, 1%
HLRER SR A eI LB LELAE N AFAE BB 4
sy ol A R A 5 ) Y, K A R 2R
i ORS B 7 OR LI B EHAR SR 7 FioR. R
o, U K SOk B HE A S 2 HE R B N
17 t/min Zi47, ¥GahHER R Z RN T4 6 mm. #4FL
R A2 1 mme

R7 RBENEINEERASLY

Table 7 Main technical parameters of precision seeder

2% Parameters H{H Value
Bt %5 )) Motive power/kW 6.3
YEVIH E Speed/(m-s™) 0.5

SRS (Kex B
Dimensionsy(ll\je%l{,g_\;hj;< \fv:;lj:?;ijg)ht)/mmxmmxmm 17007900520

ERRE Sowing depth/mm 30~50
JEFIFEEE Seed space/mm 300/350/400
772 Productivity/(hm>h™) 0.18
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Simulation test for metering process of horizontal disc precision
metering device based on discrete element method

Shi Linrong®, Wu Jianmin®, Sun Wei', Zhang Fengwei®, Sun Bugong®, Liu Quanwei?, Zhao Wuyun**
(1. College of Engineering, Gansu Agricultural University, Lanzhou 730070, China;
2. College of Engineering, China Agricultural University, Beijing 100083, China)

Abstract: In order to optimize the best metering parameters on the performance of horizontal disc precision
metering device (The rate of moving metering plate, thickness of moving metering plate, fillet radius of type hole),
a simulation model of horizontal disc precision metering device was designed with Solidworks. The average size
of Gansu common 3 corn grains were reported in statistics, namely the length is 10.86 mm, and the width is
7.22 mm, and the thickness is 5.12mm. In accordance with which the model of corn grain was designed with the
use of slice modeling techniques, and using the spherical particles aggregation method the discrete model of corn
grain was established. Poisson’s ratio, shear modulus and density of corn were determined by test. Namely
poisson’s ratio is 0.357, and shear modulus is 2.6 MPa, density is 1 250 kg/m3. To increase the qualified index of
seed space and reduce the replay and miss-seeding index, and depress the intensity of field test, on the basis of
DEM dynamic simulation metering experiment of horizontal disc precision metering were conducted.
Experimental results show: with higher the qualified index of seed space as the key point and taking lower the
multi-seed index and the no-seed index into consideration, the bigger the qualified index of seed space is better,
and the smaller the multi-seed index and the no-seed index is also better. Variance analysis showed the factor 4, B
and C had conspicuous effect on the qualified index of the seed space S, and the factor B had conspicuous effect
on the multi-seed index D, and the factor 4 and C had significant influence on the no-seed index M, the factor B,
interaction between A factor and C factor had a conspicuous effect on the no-seed index M. The speed of the
moving metering plate is 17 r/min and the thickness of the moving seed metering plate is 6mm and the fillet radius
of the type hole is 1 mm, was selected as an optimal combination. Under the conditions, the qualified index of
seed space was 97.05%, and the multi-seed index was 1.83%, and the no-seed index was 1.12%. The optimized
parameters of the simulation experiment were verified in the test trial. Field test results showed: under the
conditions, the qualified index of the seed space was 95.13%, and the multi-seed index was 2.34%, and the
no-seed index was 2.78%. In comparison with the simulation results, the error of the qualified index of the seed
space was 2.02%. Therefore, simulation test of the horizontal disc precision metering device has certain guiding
significance to develop the performance of the metering parameters device. It provided a reference method for
optimizing the other types of precision metering.

Key words: agricultural machinery; numerical methods; optimization; seed metering device; discrete element
method
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