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AT NPUEME T LB )7 3, ARk, H
TR S 52 K 22 T DA R e i 1 A By sl o X I — 1)
A, LA AR R SR EDR, Bt siil—fi
FI TS R T AN KRR E

1 WEKESASARTIERE

1.1 HRFBREHAER

T ST B e H 00 S B R B BB, AT A T Ui b
XEEAMEMEX TS, KFEHEEN 16~22C, %)
B MR A 10~15 CULE, — B ZRAE 9 H FHF 10
H gl SR AR 10 HE'., ML A& EEE
FERTIEHILE 150~250 g, it 35 3 b 300 (00 4108 R 32
T, 9 A FAFER—8A 150 g, 10 A LAER BN
200 g, 10 A R—fN 250 g2, R &R E
9 225 000~375 000 #k/hm?, SLBRIERMSARER . 4T R AN
PRI E 43 B #I4E 0.04~0.07.0.20~0.4 Fi1 0~0.02 m.

DR 9 2 B AN 5 T T 3= A B, JE vk 5 b THI
HLEM . EEThaE, RN RER R, W ki
BACRA 3 iR bR R I ETHA Ak,
FHERIVE N LIERURL I B s 6 CAR e AL R BN T
VAR I IR AT R AR s KRR R Al AR .
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LAE 2 FPFESAE 3.ELOaHR AR AMIERE STEANL e AR AL
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1.Seed box  2.Seed box support 3.Centrifugal seed metering device
4 Rubber hose 5.Unmanned aerial vehicle 6. Seed metering motor 7.Cover
8.Steering motor  9.Seed guiding tube 10.Horizontal fixing rod 11.Direction
changing interface 12.Seed dropping tube 13.Silica gel tail tube

Bl IEKELMTER

Fig.1 Structural diagram of aerial seeding device
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F1 CERE (AWK P0EEAN FEZASY
Table 1 Main technical parameters of aerial seeding device
(including XAG P20 UAV)

2% Parameters {H Values
AN RH Overall dimensions/(mxmxm) 1.5x1.5%2.45
1)k AT 4L Number of working rows 6
YRk 58 Working width/m 1.8
YV Working speed/(m-s™) 0~5
472 % Productivity/(hm*h™") 0.648~3.24
1EML €47 Operational flight altitude/m 2~3.5
K KAT I Maximum flight speed/(m-s™) 12
FhAE A Seed box volume/L 35
ZLAiI 7] Duration of voyage/min 20

2 KB
2.1 BLHMIR LI

M52 W B RO TAER R, kR E
M )3 S KRR AR LT A AR R AT HU I AL AR Y
B0 AR SRR . HERPRICRAR . X5 B U,
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e 5 MU THTAIL 255 01 530 0 0 F 28 252 g e b
HER A, B AR ORHER A O 2K SRR 2
R 2 Fron. 2RSSR b= 1A RS ) A0
B SPOREAE e, S S 2 ATHER, ARZPLAR
RS, BA ARG EENERL CRMD E
THERH 25 BT (0 78R R AN L AR E Tk

EITTH

I

L — Fli#iSeed box

= A1 5% Shell

HEFI it Seed metering tray
HEFl 1Seed metering port
JE& i Bottom

7% Bearing

HiFf L Seed metering motor

B2 LR B Kb R B
Fig.2 Structure of centrifugal rapeseed metering device with
upward cone
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RLLE B 2 A5 3 G HER A ST e, T RO U ) A

THRLER R B )= o
(223 //il//
Partition rib
b. LI

b. Top view

a T
a. Front view

e Ry R BT AR, mm: R AHER R, mm: HONHERMR SR,
mm, [H.

Note: R, is the radius of seed metering tray surface, mm; R; is the radius of seed
metering tray, mm; / is the height of seed metering tray, mm. Same as below.

B3 HfrELEHTER
Fig.3 Structural sketch of seed metering tray
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F =mro’ (1
G=mg 2

N = mgcosa — mro’sina (3
f = Ntan6 (4)

A m NAFARRE, kg o AHEFIE A, rad/s;
r AR RERLR O B B R O LR, ms a A
HeFp R A 28 C R YI& SoKPFTH e /A (RiFRYF
1) . (O O NEEEA, () g NEIINEE, m/s’

e O A s A SHER BB T 0 B O HERP B AL TR B C
SRR AL E . F MBS0 T, No G T ), N N OAHER AL
SAEF1, Ny fREEE T, N; r il S oot fir B BIHER A o0 2R BE S,
mm; o N L C S S5/ HEITEM, (©); omax ARV, (°);
i NEVNIF AL () 0 BB, ().

Note:O is the center of seed metering tray surface; A is the top of the seed
metering tray surface; B is the bottom of the seed metering tray surface; C is the
position of rapeseed in the seed metering tray; F' is centrifugal force, N; G is
gravity, N; N is the reaction force of seed metering tray, N; f'is friction, N; r is
the distance from the center of rapeseed to the center line of seed metering tray,
mm;a is the angle between the tangent line at point C of tray surface and the
horizontal plane, (°); omax is the maximum angle between tangent line and
horizontal plane, (°); omin is the minimum angle between tangent line and
horizontal plane, (°); 6 is the friction angle, (°).

B4 HArd s TARZ Aot T & B

Fig.4 Force analysis diagram of rapeseed during seeding process
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PR

a. —4EH

a. Three-dimensional model

b. A IR
b. Full section view

VAT 28050 3RO

1.Air pressure balance port 2.Metering hole 3.Metering outlet

W DORNALEAR, mm: D ARFLE@EEERE, mm.

Note: D is the diameter of metering hole, mm; D; is the diameter of channel
behind metering hole, mm.

A5 HAosgmEA

Fig.5 Structural diagram of seed metering port
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| | | -
a. I E R RS Y

a. General structure of seed
guiding device

b. FEFHEEE A S ORI
b. Partial enlarged view of
connecting part

LESESERT 2 BRSO 3T 4Bk SEST 6L
TRENLZELE 8. FMAE 9 mESL 108 1LEERRE  12.94
wiH

1.Cover support rod 2.Cover mounting bracket 3.Light weight cross bar
4.Trapezoid joint 5.Cover 6.Steering motor 7.Steering motor mounting
bracket 8.Seed guiding tube 9.Direction changing interface  10.Seed
dropping tube 11. Silica gel tail tube 12. Seed guiding channel

Be6 FAHEELMTER
Fig.6 Structural diagram of seed guiding device

*2 SMREHRIRE

Table 2 Connection process of seed guiding device

TiH Ttem 1} % Preparing

58 Connected

IE7EATHE Connecting

Lf%éf/l
R Q‘ ,
Diagram [ ]

b

T

Sebrie i
Actual process RSP F Ay s

E: 1 NER, 2 OMENL 3 ERIEREE k.
Note: 1 is the cover, 2 is the steering motor and 3 is the trapezoid joint.
2.2.2 FAPEE AR

B, AR TR BRI R 2 B ANERAE N
A4, W ERSEAER TSR N & SR B B4
BHREW K P20 F U5 E RN R R A R P R
AIRTFEYE . FLK, AN BOME AL A A HERD 25 1
SR B bR RL R T BE D M 2 B g AR TR, T
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RGN A X, 422 m, &N 5 m. KRR ke
IR, K 5EE AR SIMPLE f#i:, $&17
T rP B A AN ORH 35018 B o B R . A B4
Rl 7o~7f s, WRE (Z ) . BEE X D f
I (Y i, BRI D) SBEASIRIEE S R R, A
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7.20
6.00
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3.60
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g o A PRAEIRAF B R T PRI SR R,
M I3 E A B HAC R B IUE & T R sh
Hil NGRS ERAEAMIEL AT Z2F 2 MR R
ATEE CRUORSGEEFP A IIEED 0.3 m ATEE T, HUREIREE R
e (R RIEE) N 0.2 m, RS SR E A
FE291.5.2.0 A1 2.5 m S W (9 A0, TR0 Uik A -

C
S
z=15m z=2.0m z=2.5m

z=1.0m
f. P14
f. Plane 4

1.20

e “Fii3
e. Plane 3

d. P2
d. Plane 2

c. “Fil

c. Plane 1

a. PSR b. B A A

a. Simplified model of b.Downwash air overall distribution

W AHENE, BATANIE, C Nl - AMEEERFmNEE &S, m.
Note: A is the dynamic domain, B is theUAV blade, C is the static domain; z is the vertical height from the rotor plane, m.

B7 RANTRIASG A
Fig.7 Simulation of air flow field of UAV

2.3 THRZEIT

25 1l 2R G0 B AE AL B CHE Rl 1) 5 G0 R0 T FF 0 25 48 PR
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Fig.8 Control logic of UAV aerial seeding device
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A x NPT HER, g/min; x; A i 4T HERISME, @/min;
J RIGRE, y AL S HEESSE, g/mins y AR
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3.2 WEFHRAE

WML e E N G203 E b, WK 9 Fis.
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1.Seed box 2.Seed metering device 3.UAV 4. Test bench 5.Seed guiding
tube 6.Seed collection bag

B9 HeArM AL S RiXEE

Fig.9 Bench test of seed metering performance
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424 g, FIKEN 8.9%) NAIX G, HeFPLH e 7 MK
S (404 70~ 100+ 130, 160~ 190, 220 t/min) , FFPIKF
NEE 3 W, FRRMERTEN 1 min, WESITHER AT

FERL, PR, AR A N T A4t O i b5
FPRLFFRR R . LSRRI AR EARIL 3 Prosik
Kk -

R3 HMESEITHEFR I BERI RN

Table3 Effect of rotation speed on seed metering performance

FAA (]

i TR Row seed meeringe e L i E e e
rotation speed/ UL 24T W3 K4 ST HeAT Tota_l seeding‘ HEZE 7 A2 RN Damaged seed Seed breoa kage
(rmin™) Istrow 2ndrow 3rdrow 4throw  Sthrow  6throw quantity peruni CVR/% CVT/% quantity/g rate/%

time/(g'min")

11.225 8.136 9.372 7.213 10.065 12.012 58.023

40 11.903 9.589 11.452 9.350 10.395 11.569 64.258 12.6 6.2 0.690 0.184
12.978 9.958 11.786 9.244 10.480 10.694 65.140
17.777 13.901 16.423 13.219 14.661 16.394 92.375

70 17.631 14.157 15.888 13.731 14.835 17.694 93.936 10.8 1.4 1.533 0.276
17.350 13.472 16.203 13.562 14.597 16.257 91.441
20.936 17.257 21.279 18.079 18.927 22369 118.847

100 22.376 17.485 21.151 16.894  20.621  22.140 120.667 10.3 1.1 2.860 0.4
21.663 17.489 21.951 17.004 19.741 20.173 118.021
24.445 22.353 22.553 23273 24.010 24369 141.003

130 24.299 21.523 24747  20.573 22.669  26.609 140.420 6.2 0.7 5.084 0.6
25314 21.654 24313 22.145 23.168 25.640 142.234
26.377 23.761 28.663 25.463 26.081 27.012 157.357

160 28.204 26.049 29.130  25.757 27.041 24938 161.119 4.5 1.3 10.476 1.1
27.315 24.941 27.110  26.396 26.317 25.637 157.716
30.727 26.351 33.146  27.151 28.881 32.162 178.418

190 32.123 27.210 32508  27.077 31.046  31.658 181.622 8 1.1 16.035 1.49
31.558 26.344 31.254  27.336 30994  34.748 178.034
31.567 26.284 32384  26.743 31.154 32172 180.304

220 29.316 27.641 31.268 26349  30.296  30.194 175.064 8.5 22 17.666 1.673
29.103 26.443 30.812  27.006 30.115 29.114 172.593

T CVR NFATHEE — 8RR R4 CVT AR R e A R R AL

Note: CVR is variability coefficient of the apiece row seeding quantity consistency, CVT is variability coefficient of the total seeding quantity stability.

3.3 RIELRMHF
B TR BE 48 b A HE 5 Bl HER 4 808 48 ih 28 a0 1)
10 Fione Aol LA, HEFD 2% B A7 i R) A HE 5 il o HE
P 4 i 2P FE S e TR . MHEM RN
40~190 r/min I, FAZN ELSHEE y SHMEE x 140
HRZRN
1=5.564 86x"°2" (R*=0.999) (13)

- R ATHE R B A e R R
Variability coefficient of apiece row seeding quantity consistency
— S R AR S R AL
Variability coefficient of total seeding quantity stability
— S EE 6 Fitting curve of total seeding quantity
14 .~ Tl k4K Seed breakage rate 1200
-o- i HF it Total seeding quantity

Jt 9180 2

% 1160 %’
310} - o
£ E 40 2
£ g 8l ]2 z
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i 110 5
= 2 6 =9
e 1’ =z
£ 3 4 {0 3 E
3" W E
& 5l $03
20 3

[

[75]

% 70 100 T30 160 190 220
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Fig.10 Variation of seed metering performance with rotation
speed
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Table 4 Relationship between height of seed guiding device and strip index
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Fig.12 Typical distribution of rapeseeds in the mud box (height
of seed guiding device is 2 m)
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Table 5 Field seedling investigation results
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Design and experiment of a device for rapeseed strip aerial seeding

Huang Xiaomao?, Xu Huwei', Zhang Shun’, Li Wencheng'?, Luo Chengming’?, Deng Yufei'
(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: UAV can realize track planning and automatic navigation flight due to its small size and flexible operation
performance. It has been widely used in the agricultural field for its advantages of high obstacle crossing performance, stability
and operation efficiency comparing to ground machines. At present, most UAV based aerial seeding devices use core parts like
horizontal centrifugal disc or outer groove wheel to scatter seeds, fertilizers and other materials in the air. Due to the high
seeding height and the disturbance of UAV rotor air flow, the randomness of material particles after landing is very large, and
they are generally scattered on the whole plane. Although it has high seeding efficiency, it belongs to a relatively extensive
seeding mode for that it is not easy to control the seed uniformity affected by many factors. In view of the above problems, a
kind of rapeseed aerial seeding device based on an electrically driven centrifugal seeding meter was designed and tested for
XAG P20 which is a commercial crop protection UAV. The aerial seeding device can seed in lines instead of wide area, and is
more conducive to improve the uniformity of seedlings and the convenience of field management during crop growth.In this
study, we first improved the design of the concave cone centrifugal seed metering device and determined the structural
parameters of the key components such as seed metering tray and seed metering port. Then, based on ANSYS Fluent
simulation software, the distribution of downwash air flow field of the XAG P20 drone was analyzed. An auxiliary seed
guiding device used in combination with the centrifugal seed metering device was proposed and built. Three experiments
including the seed metering performance test, the prototype test and the field test were carried out to analyze and study the
functions of the aerial seeding device. The results showed that the total seeding quantity per unit time increased when the
seeding rotation speed increased from 40 to 190 r/min, and the maximum total seeding quantity reached 179.65 g/min at 190
r/min, which can meet the requirements of 0-5m/s operation speed of the drone; the variation coefficient of consistency and
stability of apiecerow seeding quantity decreased first and then increased, which were distributed in the range of 4.5%-12.6%
and 0.7%-6.2% respectively. The damage rate of seeds increased gradually, but all of which were within 2%. The prototype
test showed that when the height of the seed guiding device wasin the range from 1.5 to 2.5 m, the width of the seed strips was
less than 1/4 of the row spacing, and the striping index of the seed had no significant correlation with it. However, considering
the operational risk and convenience of the personnel in the actual operation process, the height of 2m was selected as the
appropriate height of the seed guiding device. Under that condition, the field experiment results showed that the strip index
was 35.0%, the variation coefficient of sowing uniformity was 19.26%. The device designed in this study can meet the
technical requirements of rape drilling.

Keywords: UAV; design; rape aerial seeding; centrifugal seeding meter; anti-disturbing technology of rotor air flow



