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1.Moving plate 2. Seed extraction plate 3.Seed storage assembly 4.Seed
interval circle 5.Core plate 6. Seed inlet

B 1 At A XA A & RIEHAT B M A
Fig.1 Structure diagram of double-chamber rotary cotton vertical
disc hole seeding and metering device
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3 VT 10 1 .Seed interval circle 2. Seed cleaning
6 brush 3 Bolt 4.Seed extraction storage

transportation storage 8. Hole 9. Seed
extraction plate 10.Moving  plate
/—ll 11.Spacer sleeve  12.Hole punch

o NIUFEAEE, rads’.
12 Note: o is angular velocity for seed
extraction plate, rad-s™.

- C\‘ 5.Adjusting gasket 6.Seed inlet 7.Seed
T w

B2 HMHERCLEMTER
Fig.2 Structure diagram of double storage of seed metering
device
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Seed discharging region

LSRR 2088k 3.0 4.9MHE  SHahG
1. Seed cleaning brush 2. Adjusting bolt 3. seed extraction plate 4. Seed
guide slot 5. Seed transportation warehouse

E: ¢ NFEMXIINE, rad.

Note: ¢ is the arc of the seed filling region, rad.
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Fig.3 The working principle of the seed metering device
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VDN ES, mm; Dy BALHOER, mm: B AEILTEE, mm: HA
SfLEE, mm; LS, mm: 0 AAHSRECRIALAT XTI, (°).
Note: D is diameter of seed extraction plate, mm; D, is the center diameter of the
hole, mm; B is the width of the hole, mm; A is the height of the hole, mm; L is
the length of the hole, mm; 6 is corresponding angles for the centers of two
adjacent seed holes, (°).
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Fig.4 Schematic diagram of the seed extraction plate structure
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a. A bR R
a. Spatial coordinate system
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b. Schematic diagram of
cotton seed movement in yoz plane

E: E MR R E R, mm; Fy AR A BENIR RSO T1, Ny o ufRR
WEES, (°): G NMRMET), Ny fOAMhT5NEEREES ), N.

Note: E is the drop height of the cotton seed, mm; F)y Supporting power of the
inner wall of the seeding to the cotton seed, N; ¢ is the inner angle of the seeding,
(°); G is the gravity of cotton seed, N; fis the friction between the seed and the

inner wall, N.
B/s5 WEETER
Fig.5 Schematic diagram of cotton seed slipping
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1.Seed interval circle 2. Seed extraction plate  3.Uncompressed state of cotton
seed 4.Compressed state of cotton seed
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Note: F put pressure on the seed for the seed interval circle, N; f; is the friction
between the seed interval circle and the cotton seed, N; ¢ is the horizontal
distance between the contact point of the cotton seed and the seed interval circle
to the apex of the cotton seed in the negative direction of the x-axis, mm; p is the
radial compression of the cotton seed after being stressed, mm; M is the diameter
of cotton seed, mm; e is the gap between the seed extraction plate and the seed
interval circle, mm; o is the angle between the cotton seed and the contact point
of the seed interval circle before and after the force is applied, (°); V) is the
direction of movement of the seed extraction plate; /> is the movement direction
of the seed interval circle.

B 6 ARIATTEE R % A5 H
Fig.6 The force analysis diagram of the cotton seed storage and
transfer area
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Note: F.is the centrifugal force of the seed,N; NV is the support force of the inner
wall of the orifice to the cotton seed, N; N, is the side pressure of the orifice
cotton seed on the center of mass, N; Fyis the frictional force between the side

wall of the orifice and the cotton seed, N; o is the Fossa hole placement angle, (°);

y is the initial filling angle, (°).
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Fig.7 Force analysis diagram of orifice cotton seed
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Fig.8 Seed metering device test bench
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Table 1 Factors and levels of test
LN RESEY HILZEMA HERP a5
K Rotating speed of Fossa hole Seed discharge
Levels seed extraction placement angle gap
plate X3/ (r-min'l) X/(°) Xz3/mm

-1 20 25 1.5

0 25 30 2.0

1 30 35 25

1) BURh e
TpURh A 308 o WA X [ A R HE RN AR S A b, HORP A

2 Ol I L L P A AT AR A . VAR DA 24 e /R
804 BR—R4/INH T B (£ 2 knvh) ERFEREEEE, #14k
RAB R EETR LN 25 v/min, BT BRI,
558 200 250 30 r/min.

2) BILLEM

WA A A B B A& A8 o — R, S HER
i FLN AR R R AT NHEM S I, Bl E A S5H
ol BE LR FE— 52 A, I8 PR 87 3D HTEDRY, %
S FETIW 250, 300, 35° = AN [A) i B A A EBURR A
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F b SCRT R HER [ B TR A B, e R RN, HE
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EREFIEDR . ZEHERN AR BB AT 1.5 mm FEAl -, @ AR
AN ANS AL AT IR A 0.5 mm 83 % 1R] B HEAT 4%,
[R5 A 1.5+ 2.0~ 2.5 mm.
3.4 REARRKER

FIFHHEM 23R &, RN (Box-Behenken
design) G44AL, FFGHEAT 17 H, [HAL 250 X, HE
55 WEUAME, B (22) . (23) HEICRIEUR R
ROWHRER, WRILE R E 2,
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Table 2 Test design and result

A BoL% N . . A =L % N, . .
o o REMGEE CRARER gy s wwk |, JRHEERCEARER game owps pss
F¥*= Rotating speed of ~ Fossa hole . . F¥*= Rotating speed of Fossa hole . .
. Seed discharge Single seed Breakage . Seed discharge Single seed Breakage rate
No. seed extraction placement No.  seed extraction  placement
gap x3 rate $1/%  rate Z/% gap x3 rate S1/% ZI%
plate x; angle x, plate x, angle x,
1 -1 -1 0 88.47 0.33 10 0 1 -1 94.65 0.45
2 1 -1 0 88.45 0.42 11 0 -1 1 88.47 0.38
3 -1 1 0 92.65 0.25 12 0 1 1 96.16 0.25
4 1 1 0 91.00 0.40 13 0 0 0 95.58 0.10
5 -1 0 -1 92.00 0.33 14 0 0 0 95.88 0.15
6 1 0 -1 92.23 0.49 15 0 0 0 95.41 0.18
7 -1 0 1 92.00 0.27 16 0 0 0 96.94 0.14
8 1 0 1 86.45 0.38 17 0 0 0 95.78 0.15
9 0 -1 -1 91.56 0.25

e oxs xon s AN XN X X IIKCPAE.
Note: xi, x; and x3 are the level values of X, X> and X3, respectively.
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Table 3 Multi-factor test result and analysis of variance

HURIR Single seed rate fili 51 Breakage rate

KU spypp HEE g HIE
Degree F P Degree F P

Source  Sum of Sum of
SQUATES eedom SQUATES eedom

£ 7]

R 159.64 9 17.74 0.0006 0.22 9 20.58 0.000 3

Model
X1 6.11 1 5.81 0.0467 0.033 1 26.92 0.001 3
X2 38.33 1 36.46 0.0005 0.000 12 1 0.093 0.769 1
X3 6.77 1 6.44 0.0388 0.0072 1 5.96 0.0447
X1X2 0.66 1 0.63 0.4528 0.0009 1 0.75 0.416 6
X1X3 8.35 1 7.95 0.0258 0.000 6 1 0.52 0.4952
XoX3 5.29 1 5.03 0.0598 0.027 1 22.54 0.002 1
x2 64.30 1 61.17 0.0001 0.062 1 51.46 0.000 2
X 14.69 1 13.97 0.0073 0.032 1 26.08 0.001 4
x5 7.56 1 7.20 0.0314 0.046 1 37.70 0.000 5
%

Residual 7.36 7 1.05 0.008 7
R 5.92 3 5.49 0.0667 0.0049 3 191 0.27
Lack of fit

24

B 167.00 16 0.23 16

Total

W P<0.01 (B, **) ; P<0.05 (BF, *) .
Note: P<0.01 (highly significant, **); P<0.05 (significant, *).
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Fig.9 The interactive influence of test factors on single grain rate
and breakage rate
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Design and experiment of double-storage turntable cotton vertical disc
hole seeding and metering device

Zhang Xuejun'?, Chen Yong?, Shi Zenglu'?, Jin Wei!, Zhang Haitao®, Fu Hao', Wang Duijin>
(1. College of Mechanical and Electrical Engineering, Xinjiang Agricultural University, Urumgqi 830052, China;
2. Xinjiang Key Laboratory of Intelligent Agricultural Equipment, Urumgqi 830052, China;

3. Xinjiang Tiancheng Agricultural Machinery Manufacturing Limited Company, Tiemenguan 841007, China)

Abstract: Current vertical disc hole seed-metering device has been limited to the low seed picking performance and high
damage rate in recent years. In this study, a double-chamber turntable and vertical disc-hole seed-metering device was
designed to combine the cotton precision hole sowing. First of all, the silo structure of seed picking and seeding was
introduced to clarify the different work processes in the double warehouse, namely the completion of seed filling and clearing
in the seed taking warehouse, then passing the cotton seed to the seeding warehouse through the warehouse transfer area,
finally realizing the whole workflow of seeding in the seeding area. A double-bin separated structure was also designed for
seed-carrying to reduce the damage of cotton seed. Secondly, a new equation was established for the time in a single seeding
unit, thereby determining the way to take the side lying during precision hole-sowing. Specifically, the diameter of the seed
disk was 220 mm, the length, width, and height of the seed hole was 9.2 mmx5.2 mmx4.7 mm, as well as the number of seed
holes was 16. The seed tray was adopted the working mode of seeding from one side and different sides, in order to ensure that
the seeding chamber was not interfering with the precision of seeding during the seed extraction stage. As such, the placement
angles of the seed metering cavity and seed holes were staggered by a certain angle during design. Correspondingly, the cotton
seeds were slid into the seeding chamber in time during the warehouse transfer stage, where the damage rate of cotton seeds
was reduced significantly. Specifically, the steepest drop line was selected to calculate the falling angle of seeds, where the
falling angle was determined to be 48°. Further, a mechanical model for the injury to the seed was established to analyze the
force and movement state of cotton seeds in the warehouse transfer area, where the minimum seeding gap was 1.47 mm. As
such, the optimal matching parameters of relevant components were determined to reduce the damage rate in the warehouse
transfer stage. A mechanical model was also established to clarify the effect of seed hole offset angle and disc rotation speed
on the seed picking performance in the seed collection area. Finally, Design Expert 8.0 software was used for the Box
Benhnken design, where the rotating speed of the seed disk, the offset angle of the socket hole, and the seeding gap were the
influencing factors. Subsequently, a three-factor three-level quadratic regression orthogonal test was carried out to optimize the
single grain rate and the broken rate. Experiments show that the primary and secondary influencing factors of single-grain rate
in the process of seeding were the offset angle of seed hole, the seeding gap, and the speed of seed disk. The better seeding
performance was achieved in the combination of the seed disk rotation speed 23.9 r/min, seed hole offset angle of 31.7°, seed
metering gap of 2.08 mm, At this time, the single-grain rate was 96%, and the damage rate was 0.13%. Field experiments were
also performed to verify the optimal combination. Correspondingly, the single-grain rate was 94.3% and the breakage rate was
0.09%, fully meeting the agronomic requirement of cotton precision sowing. This finding can provide a strong reference for
the structural design of vertical disc hole seeding and metering device for cotton.

Keywords: agricultural machinery; experiment; optimization; hole seeding device; cotton; precision hole seeding



