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1. Air pump 2. Speed changing device 3. Fertilizing tube 4. Ground wheel
5. Rotary tilling device 6. Ditching plow 7. Fertilizer box 8. Fertilizer apparatus
9. Positive and negative pressure combination precision seed metering device
10. Seed tube 11. Opener
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Fig.1 Structure diagram of rapeseed precision combined
direct seeding machine
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b. Seed guiding process

TR m BRI TR, kg g NEIIIGREE, ms?: P ONRIFLALIESR, Pa;
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Note: m is the weight of a single seed, kg; g is the acceleration of gravity, m*s >
P is the pressure at the hole, Pa; S is the hole area, mz; t, is the seed release time,
s; ¥, is the distance between the hole and the outlet of the seed metering device,
m; v, is the horizontal velocity of the seed leaving the hole and the seed metering
device, m's’'; v, is the vertical velocity of the seed leaving the hole, m's’;vis
the resultant velocity of the seed leaving the hole, m's '; v, is the vertical
velocity of the seed leaving the seed metering device, m's '; v' is the resultant
velocity of the seed leaving the seed metering device, m's '; y; is the length of
the straight segment of the seed tube, m; y, is the vertical length of the curve
segment of the seed tube, m; F) is the supporting force of tube on seed, N; 0 is
the angle between the normal direction and the vertical direction of a certain
point of the curve, (°); f7is the friction force, N.
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Fig.2 Seed discharging and guiding process
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a. Collision between seed and b. Collision between seed and
different inner diameter of seed tube curve segment of seed tube

e xy R EEN SR IR R 2 5 T R R EE KT EE Y, mm;
x, AR5 SR R J5 — IR 22 R0 BT SR I 18] N (KIS 3h B 2,
mm; dv d, APSFENE, mm.

Note: x, is the horizontal distance between the seed and seed tube in the opposite
direction of the velocity when the seed entering the seed tube, mm; x, is the
horizontal distance between the seed and seed tube in the direction of the
velocity when the seed leaving the seed tube, mm; d,+ d, is the inner diameter of
the two seed tubes, mm.
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Fig.3 Analysis of the collision between seed and seed tube
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Table 1 Simulation parameters of rapeseed and seed tube
Wi H Items Z % Parameters #UE Values
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TR BT YR & /Pa 1.1x10’
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% B /(kg'm ) 1060
PVC TARALL 0.47
BT ToR=N X 9
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EE/(kg'm™) 1030
TR TR e 0.60
SP and SP kel 0.50
B EEBE IR L 0.01
N - NZEVEY .
BT ERL-PVC mﬁﬁﬁr%ﬁzﬁc 0.39
SP and PVC HREEIR 0.30
B E IR L 0.01
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Fig.4 Simulation curve of seed tube

2.3 WEERS I

BRI A B YAt i S R A I A A H TR A SR
TFe R A BEHEIIE, w5 fros, 58 1R T
52 RN SR, (B R 3 ORI G A 5 45
o BUESS 2 KRS T2 1R BT S A

m— SRR The first seed
EA/N 2 S m— EE2RFF The second seed

The first collision

AN

B2 UK
The second collision

EARY ¢z
The first collision

SRR T AL DRI T
The second seed exceeds

VR
SRIUCHL the first seed

The third collision

B miEFEH TG EH8

Fig.5 Seed sequence displacement due to collision
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S Velocity/(m-s™)

P Velocity/(ms™)

JHE Velocity/(m-s™)

2.94 3.08 3.49 ,
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a. SHI2 b. L2 c. HZA
a. S-shaped 2 b. Parabola-shaped 2 c. Linear-shaped

e SR N 25 mm. 80 cm.
Note: Seed tube inner diameter and length are 25 mm and 80 cm, respectively.
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Fig.6 Seed velocity changes in seed tube with different curves
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Fig.7 Velocity curve of seeds through seed tube with different curves
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Table 2 Mean number of collisions and time of seeds through

seed tube with different curves

P $4) Rl il e VR T P ] AR
A5 4k i RV A5 R H = 7 ARH
S ; i ) :
Mean Coefficient of Coefficient
Curve of seed tube . Mean L
number of variation of times of variation
collisions  collision number/% of time/%
SH 1
S-shaped 1 16.4 17.7 0.379 3.8
SH 2
S-shaped 2 14.5 16.2 0.350 1.0
SH3
S-shaped 3 17.8 16.1 0.412 2.4
L 1
Parabola-shaped 1 137 14.7 0318 08
AT 2
Parabola-shaped 2 13.2 15.0 0.319 0.9
T 3
Parabola-shaped 3 15.6 15.6 0.372 1.9
2R 7
E& 12.1 14.6 0313 0.7

Linear-shaped

i SC3 WIFIgRERE R BN %, N 17.8 Ik, BRHFR
N 16.1%; it SC1 I FmERE R EC N 16.4 Ik, AR

5[] Time/s

£ YL T3 SR
f. Seed tube of parabola-shaped 3 curve

I ] Time/s
g H&M S

g. Seed tube of linear-shaped curve

RERK, N 17.7%; S ihigepdprdat LC (-t iE
BF, N0313s, LR ABEAD, N 0.7%; Eit SC3
HIEY R AR K, N 0412s, R RECH 2.4%; @id
SC1 fIFHIIF I N 0.379 s, R REE A, N 3.8%. T
FENBRE KRR, sl ELR SHEMEL S
TS A e B Y 4.1 U, R RO S R BCE
BIBRAG 2.1 N2 A, SFE A 0.067 s, ) AR S
RECE YRR 1.8 N 40 5 AH L P 26 2L ¥ S5 il 48 1K
P9 2.1 Ik, R B S5 R ECEBEL 0.5 N E
g3, PRI AR > 0.023 s, B A) AR S R P 2 BRI
0.5 NE 43 she B 2 AT, BTSSR I RERTIR
B S RBUBROK, B )R RO, RIRRFURAE S
PR R AR BE AL, AR RV PO,
P BT SR E A RS ZE .
.32 AFABERRANRFHEHHALER SN
Kl 8 T i AR N AR S Y 1 SR Y
AR . B 8 AL AR B 19 mm RS
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¥ Velocity/(ms™)  3#J¥ Velocity/(m-s™) HJE Velocity/(m-s™)
2
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2.21 \ 2.15 \‘ 221

1.99 l 1.87 “ 1.94 |

1.77 “‘ 1.58 1.68 |
a. 19 mm b. 25 mm c. 32 mm

E: SR LN ST 1, KER 80 cm.
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Fig.9 Velocity curve of seeds through seed tubes with different inner diameters
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Table 3 Result of seed discharge test

wioat oy PRSI s mmms
Test group Mean time/s seed discharging/% Missing index/% Multiple index/%
1 0.048 90.3 6.0 3.7
2 0.048 90.0 5.7 43
3 0.047 91.7 53 3.0
Mj:g\jaﬁlue 0.048 90.7 5.7 3.6
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Fig.13 Time data distribution scatter plot
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R (NYT 503-2015 5k R %) 3 HLAE R
), HARKFETE 10 cm DLF f D 7~ Bk Hoki BE & % Fa
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It 25.0%. il DL B ESR,  HSRRE S BB AL
WARRA/NT 25 mms KEEAKT 40 em;  SRTM 8L PR [A]
R IR AELERD 7 foh 2B, MR IR S SE o  m B13,

PR S 3 A R 2 T T A
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ARG TR R ERRECGE R %, SAE N
AP B A2 HL A NS WL & R 3R 05 e 4k 1 0
WA . SESEmAETE, MRSMEANR. HET
MAERKEE, AR TARIHRR R,

x4 RRGERFESN

Table 4 Analysis of variance of test results

HEE B k% 454X Qualified index of seed spacing TR A% TR %L Missing index

FHFEFE S Multiple index

Sources SFITAI H F P ST H P SR H P
Sum of squares  Freedom Sum of squares Freedom Sum of squares Freedom

57 Model 6285.26 15 133.26 <0.000 1 1494.95 15 58.11 <0.0001 1705.42 15 48.86 <0.0001
z) 2937.16 3 311.38 <0.000 1 629.97 3 122.43 <0.000 1 870.71 3 124.74 <0.000 1
z, 3266.27 3 346.27 <0.000 1 817.60 3 158.89 <0.000 1 819.67 3 117.43 <0.000 1

z1%z, 81.83 9 2.89 0.013 47.38 9 3.07  0.009 15.03 9 0.72  0.689
%% Error 100.61 32 54.89 32 74.45 32
1t Total 6385.87 47 1549.84 47 1779.88 47

VE: oz, ASRE N, o, NEMEKE, 0.01<P<0.05 HE3, P<0.01 AWREZE.

Note: z, is the inner diameter of seed tube, mm; z, is the length of seed tube, cm; 0.01<<P<0.05 means significant; P<0.01 means extremely significant.
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Ordering of seed flow in seed guiding of precision sowing for rapeseed

LIAO Yitao*?, SUN Mai!, LIAO Qingxi'*, WANG Chuangi', ZHENG Juan', WU Anyang*

(1. College of Engineering, Huazhong Agricultural University, Wuhan 430070, China; 2. Key Laboratory of Agricultural Equipment
in Mid-lower Yangtze River, Ministry of Agriculture and Rural Affairs, Wuhan 430070, China)

Abstract: A seed metering device is often equipped with a combination of positive and negative pressure in the planter for
rapeseed. The chaotic seeds can be discharged via negative pressure suction seed and positive pressure blowing seed in a
uniform and orderly manner. However, the orderly state of seed flow is easy to be broken in the process of seed guiding,
resulting in unsuitable seed spacing. It is very necessary to clarify the seed guiding process for the higher seeding quality. This
study aims to theoretically analyze the influence of structural seed tubes on the orderly state of seed flow. It was found that the
main reason for the damage to the orderly state of seed flow was the random collision between seeds and seed tubes in the seed
guiding. The influencing factors on the collision were the curve, inner diameter, and length of the seed tube. A simulation test
was then carried out on the movement of seeds in the seed tube. Once the more linear curve of the seed tube was, and the
thicker inner diameter was, the smaller number of collisions was, and the shorter time of passing through the seed tube was.
Specifically, the coefficient of variation was reduced by 2.1 percentage points for the collision number of seeds through the
seed tube with the linear-shaped curve in the same inner diameter and length, compared with the S-shaped curve. The
coefficient of variation of time was reduced by 1.8 percentage points on average. Compared with the parabola-shaped curve,
the coefficient of variation of collision number was reduced by 0.5 percentage points on average, and the coefficient of
variation of time was reduced by 0.5 percentage points on average. The coefficient of variation of collision number of seeds
was reduced by 7.2 percentage points through 32 mm seed tube in the same curve and length, compared with 25 mm, and the
coefficient of variation of time was reduced by 2.6 percentage points. The simulation test showed that the larger the coefficient
of variation of the collision times of seed flow through a seed tube was, the larger the coefficient of variation of time was, the
more discrete the seed flow trajectory was, and the worse the orderly state of seed flow was. Therefore, there was less influence
on the orderly state of seed flow in the curve of the seed tube, compared with the inner diameter and length. The bench test was
consistent with the simulation. Compared with the S-shaped curve, the qualified index of seed spacing of the linear-shaped
curve increased by 3.2 percentage points on average, the missing index and the multiple index decreased by 2.0 and 1.2
percentage points, respectively. Compared with the parabola-shaped curve, the qualified index of seed spacing of the linear-
shaped curve increased by 2.8 percantage points, the missing index and the multiple index decreased by 2.0 and 0.8 percentage
points, respectively. Compared with 25 mm, the qualified index of seed spacing of 38 mm seed tube increased by 11.4
percantage points, the missing index and the multiple index decreased by 4.6 and 6.8 percentage points, respectively. Compared
with 80 cm, the qualified index of seed spacing of 20 cm seed tube increased by 27.6 percantage points, the missing index and
the multiple index decreased by 10.6 and 17.0 percentage points, respectively. In addition, the frequency distribution of the
time interval gradually changed from normal distribution with relatively uniform interval to exponential distribution with the
increase of the multiple index, when the inner diameter decreased or the length increased. The optimal seed guiding was
achieved, where the inner diameter of the seed tube should not be less than 25 mm, whereas, the length should not be more than
40 cm. This finding can provide a strong reference for the subsequent development and optimization design of seed tubes.
Keywords: experiments; rapeseed; seed tube; sowing uniformity; seed guiding process
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