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1.Filling room of seed 2.Filling hole 3.Dropping hole 4.Seed groove
5.Seed filling dise  6.Seed-metering device shell  7.Discharging dise
8.Rolling bearing 9.Drill shaft 10.Upper surface of shell 11.Lower surface
of shell 12.Passing hole 13.Elastic flipping device 14.Spile
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Fig.1 Structure diagram of seed-metering device
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Table 1 Dimension datum of millets measured

FrifEiz HIEX[A(95%)

P "
/D;;Zs;e?j Srlifﬁ Avi?fgkle /g Standard  Confidence interval of
error/% average (95%)
a 2.48 32 2.42~2.55
WM b 1.84 1.4 1.81~1.87
¢ 1.46 1.8 1.43~1.50
a 2.38 1.3 2.36~2.41
B 215 b 1.91 13 1.89~1.94
¢ 1.40 1.2 1.38~1.43
a 2.48 1.4 2.45~2.51
WA b 1.86 1.9 1.83~1.90
¢ 1.43 22 1.38~1.47
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a. AR EET R E A
a. Structure of filling dise

b. AFLEIFL A

b. Section view of hole

e DOARFLERE, mms S OARFLRE, mm: Cos WBIHIGT: Ry AR
LaAiEte, mm: Ry MM EAE, mm; LI, mm.

Note: Dyis diameter of hole, mm; S is depth of hole, mm; Cy s is chamfer size; R,
is distribution radius of filling hole, mm; R, is structure radius of filling dise, mm;
1 is arc length between 2 holes, mm.

B2 AAEEMEAILZNA

Fig.2 Structure of filling dise and section view of filling hole
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a. Structure of discharging dise
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b. Section view of groove
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c. Mg
c. Stacking situations

LAFAL 2.5 3R
1.Filling hole 2.Passing hole 3.Seed groove

T g RHRMSR M, rads™s y RHAMESACF )7 f I, Eldk
FES ARG A I BEBE A AN, ); Ly AEMEIKE, mm; 0 &2
HERR 5 HERD BAR I A0S, (0): W ORI S RE, mm; S & HERIAE Y
WEE, mm; B 3¢t T I0L T IVZRJ0e 4 B RiHEB DL S, 2 A0kL
TEF ML RE P B ELAZ RS, mm; S R AVRIVE AR LA S B RS, mm;
Sy ARG I VE RN FLEE AR B S E AL, mm: Ss 2RI HE PR AR )
HI L, mm.

Note: @, is angular velocity of discharging dise, rad-s”'; v is included angle
between seed groove and horizontal direction, and its value is equal to value of
frictional angle between millet and aluminum in diagram, (°); Ly is length of
groove, mm; 6 is included angle between groove and center line in radial

d. BRI H iz )
d. Vertical motion of millet

direction of discharging dise, (°); W is width of groove, mm; S, is depth of groove,

mm; [, II, III and IV are 4 kinds of stacking situations of millets in Fig.3c;
S, is vertical displacement during passing process, mm; S3 is vertical
displacement while millet is moving in filling hole, mm; S, is vertical

displacement while millet passes through passing hole and goes into groove, mm;

Ss is displacement in radial direction of discharging dise, mm.
B3 A ESMASHREE. BHEI
Fig3 Structure of discharging dise and stacking situation, motion
of millet
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B4 4 mm, JREEERIEYS R=58 mm BEIAHD), HER
R e b HER I Sy R T R AR A 1 T ) B
By il K 1,~12.5997 mm.

a. HERE S S 5L

a. Structure parameters of seed groove

27 r-min”!

8.5 r'min”!

b. EAN R AR R ) R A b E
b. Beginning and ending position of millet and
seed groove during passing process

e Ry A HERRE P AR B O S R0 R B, mms Ry A HERRE P AR
SO IR RS, mm: Rs K HERA O 2 S HER AT ) 0 ZeA8 s LG
MIEE 2, mm.

Note: R;is distance between center of semicircular end and center of shaft, mm;
R, is distance between semicircular end and center of shaft, mm; Rsis distance
between point of intersection between center line of seed groove and center line
of discharging dise and center of shaft, mm.

B4 HAELAMEL L SAaeg iRt o E
Fig.4 Structure of seed groove and corresponding motion position
between millet and seed groove
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a. Front view of shell b. Section view of shell ~ c¢.View in direction of B

LML 240N% 3. EMNG 4WNZ 5 RRpRAL 6 MHIRIL 7.4k

CUEIN
1.Passing hole 2.External flange 3.Upper boss 4.Internal flange 5.Upper
bearing hole 6.Lower bearing hole 7.Dropping hole
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Fig.5 Structure of shell
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1.Passing hole 2.Filling hole 3.Cusp of Flipping roof 4.flange of flipping
roof 5.Spring 6.Connecting nut 7.Connecting screw 8.Support frame
9.Fixing screw 10.Upper boss of shell
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Fig.6  Structure and working position of elastic flipping device
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Table 2  Steadiness of seeding rate experiment

S e s PR

RIRAH g

Marching Hole  Rotate speed/  Average Varial?le Percentage
speed/ . it . coefficient
(ms") spacing/cm  (rmin”)  discharge/g /% of damage/%
10 8.5 335 0.50 0
0.5 8 10.5 4.31 0.41 0
6 13.5 5.16 0.31 0
10 13.6 3.65 0.66 0
0.8 8 16.8 3.95 0.38 0
6 21.6 4.80 0.19 0.02
10 17 3.95 0.38 0
1 8 21 3.93 0.39 0.02
6 27 4.17 0.39 0.03

FEASTRV AR ARV BE AN [F) BEAE 7R TS I3 (10 F Fof
R, IS M TREAR, B ERY S0 g, ik
SO B A TR, FRERRETE 10 mg, T
LGRS RIS Tl = o NI S WD 1= 1 N o 5 L e 7. 0[]
MSE AT IREEI AR, B 5 kP, U, Rk
ZERINZR 2 Fiom.

R 2 Alg, AEBAS VRNV T (R,
Phas R R E AR S REOY/ N T 0.7%, B TR
/INT0.05%, 12 TB/T 6274.1- 2013 AR FHLEE 1 #55
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LB re 280 3 BRI 43Kshmhl 5 RES
1.Wheeled mobile platform  2.Seed-metering device  3.Mobile power
4.Driving motor 5.Governor

A7 HEHIRKEEEAILTER
Fig.7 Diagram of device and process for uniformity of seeding
rate experiment

x3 HEHIUHRELER
Table 3 Uniformity of seeding rate experiment
Hefbds S/

P T T ¥
s T ke TOREEC R AR
Marching - Over- Miss- Variable
Rotate Hole Qualified . . .
speed/ & spacing/  index/% sowing  seeding coefficient
(ms') Speed  spacing °  index/% index/% 1%
(r'min”) cm
8.5 10 91.25 1.90 6.84 429
0.5 10.5 8 92.12 5.81 2.07 4.46
13.5 6 87.34 10.92 1.75 1.87
13.6 10 92.83 6.33 0.84 1.82
0.8 16.8 8 88.21 10.48 1.31 2.58
21.6 6 90.21 8.09 1.70 2.48
17 10 86.34 11.89 1.76 2.28
1 21 8 88.21 10.48 1.31 2.65
27 6 88.50 11.06 0.44 291
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Design and test of tilt dise-type fine and small-amount seed metering
device for foxtail millet

Cui Qingliang, Hou Huaming, Zheng Decong, Wu Zhiming
(College of Engineering, Shanxi Agricultural University, Taigu 030801, China)

Abstract: In order to solve the difficulties of sowing for small grain seeds, such as foxtail millet, we firstly study the
agricultural requirements of precision drill of millet without thinning out seedlings. After analyzing the advantages and
disadvantages of different seeding devices, we design a kind of tilt dise-type fine and small-amount seed-metering device for
foxtail millet. We measure the shape and dimension of the millets with the microscope using the projection method, and the
friction coefficient of millet with different materials as requested by the national standard of China. We analyze the motor
process of millet, which helps us design the structure of this device. It is mainly made up of filling dise, shell, discharging dise,
elastic flipping device and drill shaft. It has many advantages. Its structure is simple, and its working principle is reliable. Its
working position tilt is from 45° to horizontal direction. The overflowing seeds from filling holes are flexibly cleaned under
the action of gravity, so they will not be damaged. There are 36 filling holes in the filling dise, and they are uniformly
distributed on the circumference of filling dise. Matched with filling holes, there are 36 seeding grooves in the discharging dise,
which are uniformly distributed on the circumference of discharging dise. The filling dise is above the shell, and the
discharging dise is below the shell, both of which synchronously rotate. There is a passing hole between them in the shell. The
millets fall in the filling holes, and revolved around the drill shaft together with filling holes. When they arrive at the passing
hole, the millets leave the filling holes, then pass through the passing hole and enter the seeding grooves. The millets continue
to revolve around the shaft together with the grooves. There is a dropping hole at the bottom of the shell. Before they arrive at
it, the millets move to the end of the grooves. When they arrive at the dropping hole, the millets leave the groove, pass through
the dropping hole, and fall into the seeding tube. According to the movement characteristics of millets, on the premise of not
damaging them, we design the shapes and dimensions of the filling hole, seeding groove, passing hole and dropping hole. This
device is expected to seed 2-3 millets from every seeding groove, and the intervals of millets are kept steady on the soil. We
especially design an elastic flipping device to flip the millet stuck in the filling hole out of it, which is installed on the upper
boss above the passing hole of the shell. We design the fit clearance of 0.2 mm between filling dise, discharging dise and shell
simultaneously, thus eliminating the friction between them. In order to test the performance of this device, we use 6 indices
from the national standards of China. They include the percentage of damaged seeds, variability coefficient of steadiness of
total seeding quantity, qualified index of hill spacing, repeated sowing index, miss-seeding index and variability coefficient of
qualified hill spacing. We design and conduct the experiments of the steadiness of total seeding quantity and the uniformity of
seeding rate with this device. We also measure the percentage of damaged seeds discharged from this device. The results show
that the variability coefficient of steadiness of total seeding quantity is less than 0.7%, the qualified index of hill spacing is
greater than 86%, the repeated sowing index is less than 12%, the miss-seeding index is less than 7%, the variability coefficient
of qualified hill spacing is less than 5%, and the percentage of damaged millet is less than 0.05%. All the indices meet the
requirements of the industrial standards of China. It will provide a theoretical reference for the design and analysis of fine and
small-amount seed-metering device for small grain seeds.

Keywords: mechanization; design; crops; seed metering device; foxtail millet; tilt dise; performance experiment
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