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1 HEMpSRBAREH R TIERE

F A SR 2R aCHERP 38 B 1a fis, R
CE FEFAE 1, JEAERFEIE R 7R IR 2 HEA
EFARFINAAE 5 b, WOEES 9 S hEiAE, TERD
W8 AN, IEMER 4 ¥E), EMEYE T, MELE
HEAERAFIELEMER 6 HEHHMES. HarHefrhas v m
ATHERR, BERAE MV, LGN 1~2 /s, /EMVIE N 1.8~
3.6 km/h, FEFHIEIEE 300~700 mm, K I 25 3% BOR 4 1 22
SRBEAT R,

HEFP R BB 1b, F AR 2R3 N R L
FEVER . AR AR L IO NS R TH P9 P ERE, 7R R
RSN T NP VR e 1E X 5 N R, = AN R R 4]
ENFIRE A FE R IRARZE 600, (EEFIERELSNIS R, Fh
TENFIRE I PRALAE T RRHEERR, 75 A S ESMEA TR
RRTEVEANNFE A, B R BERR A B P 2 15 PR

b. HERES TAEREEE

a. Structure diagram of metering device b. Seeding principle of metering device

a. HEFP SRR R

1 fEFAE 2. SRR 3. HEL 4. IRRMR
8. [Pk 9. JH A

1. Seed storage case 2. Seeding case 3. Dunnage 4. Feeding roller
5. Seeding groove 6. Seeding board 7. Shield 8. Synchronous pulley 9.
Speed reducer

A1 ERFNZRIEGMBLEMAHFTER
Structure and seeding diagram of grooved-roller seed
metering device for Pennisetum

5. NFHE 6. VAR 7. E

Fig.1
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TR AR I LI 25 R R A m) 9 MR U R A 0
i, HEE MR g R EE R R
THZEMERELE —EER, NET N, HBMEFEL
o B AT R AR AR, FEARE Bl ZEAE SRR AE TR ~PAT HERG
X eREAT 32 3557
2.1 #EZH

YKEMEFANMRE S, SAMEGEE Py fUHEE
filh, JFELECTE ANPIRE N FRZEHAH BAREH T TS, 2
JI i 2a Fiose PR AFIMEXT R 2507 7T Fs
YERAERRZEAR M, BRI FZEASZ O e/, BN 0P,
5KET7 I TRRI Fsp 5KFT7 IS, TR 14,
BAR B KTy, BI B >y, tnfE 2b, B FHZESZ IR,

= P T >
Iif ‘\) P, Fyr i \P, Fo *
- ; f \\‘.' T Fy
R Gy Gy y/.‘l."s{ B
a. FpZEZ JIHI b. RZEZ 14T

a. Force diagram of stem b. Force analysis of stem

W Fs NIRRT ZESCRE ST, Ny Foin Fso N Fs (EVI AR AIK15) 77, N

Fstv Fsn A Fso TR DT 1) L5377, Ny TP ZESZAMEESCRE 7T, Ns

y N Fs 5AKTPITRRIIAMA, rad; G FMAEPMEEEM, N; PLNT
T A BE SRR A A Py AT SR ZE AR O RIREFEE
HIBLCs p1 9 Py O KI5 AR A (0 <61 <a'2), rads fONFPEES R RIAH
EIEEEE ST, N5 RONIEFMEEARE, mm; rm ARIKZEFMZELE, mm,

Note: Fsis the supporting force of feeding roller to stem, N; Fs; and F's, are the
tangential and radial component of Fs, N; Fgr and Fgy are the horizontal and
vertical component of Fgy, N; T is the supporting force of wall to stem, N; y is
the angle between Fs and horizontal line, rad; G is the gross weight of all stems,
N; P; is a contact point between the left side of seeding case and stem; P is a
contact point between seeding groove and stem; O is the secondary layer stem
mass centre; f; is the angle between P,O; and horizontal line (0<p; Ku/2), rad; f
is the friction force of stem and seeding case, N; R is the radius of feeding roller,
mm; r, is the radius of the secondary layer stem, mm.

B2 Hefridg A £ omr

Fig.2 Stem force analysis in seeding process

Fy = Fgsin(f, —7) (D
Fgy = Fgcos(f ) (2)
Fyn = Fg,sinfy (3)

T = Fyp + Fy;sinf, (4>
Fyn+Fgcos8, =G+ f (5
f=uT (6)

A p R ZEE TSP R BE R R AL
Bears (1) ~ (6), RIGFEESZ IR
_ G
" (oS —7)sin i, +sin(, —7)c0s i — u(cos( B, — 7)cos i +sin(B, —7)sin )
7

a7 ATAL B p BN FofEmik, Hy
PEEREFIR AR UOE, BB 2b WA 0 <R, UE
y=0.1nt. G=10 N. x=0.262", &% R H # wHL
JE 45 i R PUESREEBIE N 10.1 MPal, R Fh 4R N\ Fiv

Fs

BEALEAEELN 1 mm, HERMZEKEAE 300 mm LA
W, B R R ZE A T T RN 300 mm. FE 2 mm
BIFETETH, TP ZE BT RE A2 IS HF 708 606 No 4 3 1]
A, Fs B gy BUBRISE RSERVNEIR, 2 £1=0.291 K,
P22 D14 T HPURRE T IR, BIY B) BUE TS
0.291~m/2 BF, HEPI R Fol 2552 3 i HL bt 1 o o 22
K, 2 p=0.942 5 i, FhEEZIMEMN/MEN 13.285 1 N

10001
R — AR XTFPZE FF5F7 Supporting force of roller to stem
R E sook |=~ FhZE3Z 11 Ml FAE Force angle critical value of stem
4
ﬁ e (0.291, 606)
R
o
&5
® ¢ 400F
HSZ é" 2001
§: (0.942 5, 13.285Lr/
a 02 04 0.6 0.8 1.0 1.2 1.4 1.6

F2£3% /144 Force angle of stem B:/rad
B3 AR E A A AT E ) A T A &

Fig.3 Supporting force curve of the feeding roller to stem
with the force angle of stem

2.2 NFPHERST
USRS oy I, RJZFPZEAENFIRE R F T 15 4t
BREMZE, WK 4 Fn, PL O sUONARRRIE s EL A

PR AR, ARG
(p+r)cos By +r =r-cos B, + H ®

2 2 2 2
cos f, _n G {4 —R) +(H 1) 9

2ry (1 +1y)

I O NIEFHRAG: O WIRIEFZETTL: 0000 01015 NM EH; O
5 NM AT 01 AKFE: KO RBEL: aiv o 7354 00,0 PO 5 OK
FI5 i, rad; f2 N 01,015 O\P, TS, rad;s B3~ fa N 01,01 P20 5 000,
IS, rads Ly ANFRER TR, mm; B AANFER, mm; 7 AR
ERPZEERE, mm.

Note: O is the feeding roller axis; Oy is the bottom layer stem mass centre;
0yOpy and 0,0,, are perpendicular to NM; O\l is parallel to NM; O,J is
horizontal line; KO is a vertical line; a; and a are the angle between O,,0, P,O and
OK, rad; p, is the angle between 0,,0; and O,P,, rad; f3 and f, are the angle
between O,,0,, P,Ojand 0,0, rad; L, is the width of seeding groove and
seeding case, mm; H is the depth of seeding groove, mm; r is the radius of the
bottom stem, mm.

B 4 AATAEHEAT 2 A

Fig.4 Seed delivery structure chart of seeding groove
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Fig.5 Force angle of stem with different sizes of seeding groove
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16~16.7 mm. FEFEL 16~17.8 mm I, FZE5Z )1/, 24
M EARHR 16~20 mm FIFZERT, RLRIEEAA 20 mm
(D ZZREE RIHE B e AFIRE R R R 20 mm,
BRI B AN 0.348 7, i R HERPE SR
2.3 A\MFEEM R~

B SR A SR AR S R R R,
I S A% 5 385 2 T AR o B A N Al e T s e 2]
AT 0T B A 2545 B 22 7 SR T HER 1] &, [R] B ) A 2K 2
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MR E RPN, Bk AT AT NP RS
Mg il eb. B 6d, R R R, ik BBk
AR, RSN NFRE R ] LA B AR 2
REE B SRR T P o 25 RS B R NPl 2 ] /)N
DR, CBENFIRERIBE . IREY K 20%, BP L, 5 H¥IEL
8 24 mm. TR (13), FEILHFEER B, EHEA,

0.291<ﬂ1(LD,HD)<§ (14)
Ly=L, —1, (15
Hy=H —h, (16

KA Lo AINEEHE RS 5, mm; Hp AMERHE SR,
mm; [y AMAFE, mm; ko NEEEEE, mm.

A e
N\ LN

a. TRHORL/ N ZEHERD b. FEHURLR A ZEHERD

a. Small stem seeding without dunnages b. Large stem seeding without dunnages

d. HFHUR R ZE R

d. Large stem seeding with dunnages

c. BRIV ZEHERD

c. Small stem seeding with dunnages

B 6 A ILMAEAARGHNTER

Fig.6 Feeding sketch of the seeding roller with dunnages or not

M 2.1 a AL 2 5=0.942 5 FF, FhZEs2 (BN
PR RSPV, R ZEE AN 16 mm, W 7a FToR,
2k CD AHR T HUE I8 7L, 7530 57 P I EUE 33 2 B
BB ER, 2R HREE 7.5~12 mm. U0 Hp} 51
B 6.73~12 mm B, HUEHAE; SFZRSHRORE, %
FIZE BN 20 mm, W1 7b Fion, #iZk EF NHEORATEL
ERA S, fEAFWEEW L g BUEESR, 2K
HORLE L 4.28~8 mm. ML HRHE R 4~8 mm B, HL
it HEEIMIAHR R, A3 KR ZE 5 AN Fh
T EERR T, AR 2 BUEZERATIE N, B 3R E
4 mm; JEEFERH A 2 R oL R EUE 3 ME,
H 8 mm.
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angle of stem with a diameter of 16 mm
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=)
§ 2038
=
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b. Curve surface of the force angle of stem with a diameter of 20 mm

B 7 AEZHAHERART T

Fig.7 Force angle of stem changing with different sizes of dunnages
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3.1 TMEMERE

N REALOT AR, 25 8 B 2R 2Ry
{5 2Rl ) AR S RN, K R 2R AR e e A
1K, BT ADAMS FME Rl ZERRI), e ORI N R R <F
9 20 mmx20 mm, A7 BB AFIE RSN 24 mm*24 mm,
MDA 4 mm, JEEEAEH 8 mm, EFEESN
120 mmo X P 22 A AT R AL AL B, 50 P 2R )
PEBLE 593.8 MPa, E4ififE 1264 MPa, ZHifisE
610.5 MPa®?, tAEL N 0359, SN ADAMS HiAT 4
BT, & 8 SATE ADAMS T (KRl 2R K2
FHERZE, HA5 1 RATCREIINFRE, 2. 33 K
IR N T

B 8 ADAMS HAY £1i& 3 45 AALA
Fig.8 ADAMS simulation model of metering device

3.2 BRMX/NEEMEHMEIE
BARMZEREEEPE 16~20 mm 7], HEH
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o WA EORLE b HER R (] AR N, OB
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FAEAEN A, AR R E AR L E '
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ARG R ZE W HER 7 3, 7 I R R M R B AR
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x1 HEREAE

Simulation experiment plan

HCERED 2 CGERED 3 (FHRED

Table 1

RIEH Test group Roller I Roller 2 Roller 3
(With dunnages) (Without dunnages) (Without dunnages)
NEERZE
Small diameter stems/mm 16 16 15
o
KEREHZE " " ,

Large diameter stems/mm

Wk 9a. & 9b P, K/NFHZEVE A NFPIERS, Jod
BHE RN P IR 2552 0K, T HRHE Rl =5
W52 FIRANLE NN, AT U H 3R 52 F) AR I 1 Fh =2
5. Wk 9cy B 9d PR, ANRRZERS RGN, Hopt
REAGIE /NP 2RI B2 D048, DR/ AN 536 R AR X E 1)
BEE s MORAZERE ONARE I, i R AR SR
BARFZERHE, TR AAE — R b2 1 A
22y, R B AT DU R A 32 )
IHAK.

a. /NPEETEANF b, KFHZETEANFIE

a. Small stems fall into the groove b. Large stems fall into the groove

N

c. /NIRRT d. KR T

c. Small stems shift from seeding groove d. Large stems shift from seeding groove

VE: RS R RSO SZ E AR, R AR
Note: Color of dunnage and stems changes from dark blue to deep red along with
increases of the suffered force value.

B9 A RAAT KA LA A2 A

Fig.9 Seeding simulation of small &large stems with dunnages or not
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H 075 | - iﬁ 3 Roller|3 |
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] Time/s
a. /INFHZENLRS

a. Displacement of small stem

x2 H#IBEPMEERRES. EEE
Table 2 Maximum stress and strain value of seedlings during
seeding process

EEP Y - SN VIS S INYE ST

MERE PR

{3;#% Displacement/m

0.25 0.27 0.29 0.31 0.33 0.35

H[&] Time/s
c. INFPZEER EE T 2%

c. Velocity of small stems

Dunnages Maximum Maximum
Stem state Stem type or not stress/Pa strain/m
%N e 2.10x10° 3.90x10™
i x 7.27x10° 1.35x107
TEANFIE
x H 1.81x10° 3.36x10™
¥ 2.97x10° 5.52x10™
2N H 2.47x10° 4.59x10™
N Fi I 2.68x10° 4.99x10™
x H 5.8x10* 1.1x10™
T 2.64x10* 4.9x10°
0.065
P "";.‘-‘-\
0063 N e
0060 7 e
0.058
0.055 L L L ! S|
0.24 0.28 0.32 0.36 0.40 0.44
Bf[A] Time/s
b. KFPZEfiES

b. Displacement of large stem

S| '; AN S .
T 024 0.28 0.32 0.36 0.4 0.44
fif ] Time/s
d. RFpEHE MLk

d. Velocity of large stems

B 10 FAEGEHAAS. REHEK

Fig.10 Vertical displacement and vertical velocity of the stems
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*3 EMRAERREEE
Table 3 Bench test data of feeding roller

LEUS) I ES RURFERENE HERTTRREhE
5 Roller speed Roller torque Seeding rhythm
LT Roller fluctuation ratio/% fluctuation ratio/%  fluctuation ratio/%
Siempe sheel A KRR AAE FRE K
Without ~ With ~ Without ~ With ~ Without ~ With
dunnages dunnages dunnages dunnages dunnages dunnages

FZEHA 15 125 3.67 765 170 26.75 8.35
Small
diameter
stems 20 275

(<18 mm)

FEER 1.5 1333 8.5 985 380.67 27.8 20.5
Large

diameter
stems 20 2875 2375 295 163.3 16.8 11

(=18 mm)

WREE 15 1067 6.17 555 380 2745 16
FH/NE
KAEA
Size of the

diameter 20 45 325  247.67 165 14.53  10.87
of the stem
in turn
arranged

B 15 8167 283 44167 30167 16 9.9
Randomly 50 3625 2125 26167 19833 1067 833

2.625 27333 16833 13.27 12.73

GARIR SRR, BTt HERR 28 AR 2 B B R
TR AR 5. R EG TT 0, Skl BEE —
EFERE PR S HE AR, RSN T 10%.
SRR BN T 400% HEF T AT SIRIE 20% 447,
IR R BRI HEA 5 R . [FRE, 75— Ya ik
PRI A HER ROR, HAE— e R L T HE
P, X8 T S T, Bl 2R A P R
(TR 5@ T VA A= P LS w N e Sl A S S e
WD T HERE RIS, (R R Py 2 iR HERp R .
4.2 HEHM RIS

H I HEFRES T 2016 4F 12 H THRERMK K H
TR AT A0 110 R30I FE 32 B A% 8% 78 H (11
Hefh A2, ik H TR HERR RS AL HLALSE I VA HEFh 1)
B, AN AL, RIECON B S HR R E E
PRFIRIREE R, W 1lc.

Pk (HERVEE 2 1/s) S5F63E (HERMEE 1.5 1/s)
BRIy 2 AT, BHAE 4 PR ZEHA TR, BT 2
WELRE, RESHWE 4.

MR B A ok 2R, S b [ [H S
CHURL CRs%) #ERPHLIREE /73%) (GB-T 6973-2005) B
R R BEAT HEFP PR AR RS, IG5 Rk 4. RKIE
SERFH, ZHMRENUHERI A4 R IME N 93.33%, HEFD
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Structural optimization of grooved-roller seed metering device for
Pennisetum and simulation and experiment of seed metering dynamics

Zheng Shuhe?, Lin Changshan®, Ye Dapeng®, Liu Bin?
(1. College of Mechanical Electronic Engineering, Fujian Agriculture and Forestry University, Fuzhou 350002, China;
2. China National Engineering Research Center of Juncao Technology, Fuzhou 350002, China)

Abstract: A new grooved-roller seed metering device is developed to overcome the breakage of seedling, obtain high sowing
rate and raise seeding efficiency in present, and exercise the optimal design. Firstly, this paper introduces the main structure,
the working principle and the related structural parameters of the device in detail. Seed metering device is a key component to
realize mechanized cultivation of Pennisetum, which is divided into 2 types according to its working principle. One type is
real-time cutting seed metering device and the other type is pre-cut seed metering device. Compared with real-time cutting
metering device, pre-cut seed metering device has the advantages of high automation, no damage to seed and lower labor
intensity, so it shows a good market prospect and is the main trend of the future development of the metering device. The
grooved-roller seed metering device is one of pre-cut seed metering devices. In terms of the stem stress state of seeding process,
the evaluation function of seeding smoothness with force angle of the stem as the target was derived. According to the function,
opening width of the seed groove and depth of the seed groove were the main impact factors of the improved device’s seeding
performance. Based on the compressive strength of the stem, the best size of seeding slot was deduced as 20 mm x 20 mm
finally. The different morphology and difference of seed diameters are the main influence factors of the problem, and those are
easy to cause the bud break. The smoothness and accuracy of seeding were improved by adding the elastic dunnages on the
groove of the seeding drum. According to the evaluation function of seeding smoothness, the structure size of the dunnages
was optimized as the side gasket thickness of 4 mm and the bottom gasket thickness of 8 mm. In order to study the effect of
dunnages on the fluency, the model of grooved-roller seed metering device of the Pennisetum was established by using the
dynamic simulation software ADAMS (automatic dynamic analysis of mechanical systems). The effect regularities of
structural parameters and motion parameters on seed groove and dunnages were studied. The simulations showed that the new
seed metering device could realize the orderly discharge of seeds, and obviously reduce the stress of small-diameter seed by
using the plastic dunnages, ensuring the seed row stability and the adaptability of seed diameter. Then the real tests in the
laboratory and field were undertaken to verify the conclusions of virtual tests. Bench test results showed that the gasket could
improve the flow degree of the seed row to a certain extent, in which the roller speed fluctuation ratio was less than 10%, the
roller torque fluctuation ratio was less than 400%, and the seeding rhythm fluctuation ratio was about 20%. The research
further indicated that the quality of the seeding was not affected by the roller speed, and sometimes the faster speed would
slightly improve the fluidity of the seeding. Because when the roller speed was faster, the time the stem entered the entry took
shorter, which reduced the resistance of the seed row to a certain extent. The results indicated that the seed metering device can
realize the seeding operation and the dunnages can effectively improve the seeding fluency. Field experiment indicated that the
seeder was stable, and the qualified index was greater than 93.33%, the missing index was less than 4.1%, the multiple index
was less than 2.5%, and the variance coefficient was13.63%. The indicators were in line with the planting requirements of
giant grass. The research provides a theoretical reference for the design of grooved-roller seed metering device of Pennisetum
and the technical reference for the related design of planting machine.

Keywords. agricultural machinery; design; optimization; Pennisetum; grooved-roller seed metering device; dynamic
simulation; experiments



