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Design and Experiment of Non-driven Gravity-based Foldable
Seeding Device for Rice Strip-seeding UAV

Zhu Yaozong' Huang Xiaomao'>  Yin Conglong' Zhu Quanwei' Shi Yize' Li Wencheng'?
(1. College of Engineering, Huazhong Agriculiural 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; Aiming to achieve a stable strip effect during rice aerial seeding and address the issue of safe
unmanned aerial vehicle (UAV) take-off and landing caused by extending the seeding tube, a non-driven
and gravity-based foldable seeding device was proposed. By analyzing the rice strip-seeding process based
on UAV, it was determined that the inner diameter of the seeding tube, the ratio of tube length to UAV
flight height ( length-to-height ratio) , and the configuration combination of the seeding tube influenced
the degree of seed confinement, the disturbance intensity of ground diffusion airflow on seeds, and the
stability of the UAV’s flight posture, thereby affecting the strip effect of seeds. Based on the 3WTYI6 —
20C six-rotor agricultural spraying UAV, a mud-box seeding test was conducted for optimization. Results
indicated that when the tube’s inner diameter was 22 mm, the length-to-height ratio was 0. 714, and the
configuration combination was IV, the seed confinement effect of the seeding tube was optimal, the
UAV’s flight posture remained stable, and the strip width reached 62. 1 mm with a strip index of 0. 75.
Using these factor values, mud-box experiments were performed at operation speeds ranging from 1 m/s to
5 m/s. Results showed that for the 3WTYI6 — 20C six-rotor agricultural spraying UAV, the strip width
ranged from 58.3 mm to 69.2 mm, and the strip index ranged from 0.72 to 0.77. Meanwhile, the
3WWDZ — 60A four-rotor agricultural spraying UAV equipped with the non-driven and gravity-based
foldable seeding device achieved a strip width range of 84.5 mm to 92. 5 mm and a strip index range of
0.63 to 0. 66, which demonstrated the stable strip effect. These findings suggest that the non-driven and

gravity-based foldable seeding device can be effectively adapted to various UAV architectures and achieve
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stable rice strip-seeding effects across different operation speeds.

Key words: multi-rotor UAV; rice strip-seeding; seeding device; non-driven gravity-based folding; field
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Fig.2  Structural schematic of automatic folding

seeding device driven by motor
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Fig.3 Schematic of torque analysis during folding

process of single seeding tube
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shakes along roll axis

LI’ +60m,  d° (17)

tube tube

[lolal :[0 +3m

TETCA T AR TS B0 T, Jo A HLGEBTR il 10 e

LS HAT IR BOR A B o, B 5200, 5 58 B8 75 3)
AE 5 # A8 Z IA) % 8, A7

1

?C Torque

6 =%(10 F3m I +60m, &) o
(18)
R Gy —— WS LA R N -/ rad
6 Jo N ML VR /A BE DR SR AR, (°)
C e BE 5 AN R G VEBE L RATF & A8 HF
P 55 S RO SR B
XU (18) AT AT, ] AR 7R M I sh iR g 0 R

/10 +3m,, L° +60m,, d°
w,

0= - (19)

i P 8b 52 (20) Rk, 5 Fof 45 Aol A R s 1) 42
R Do N

. 1, +3mtuheL2 +60mmhed2
D, =2Lsin ( w, C : )

Torque

Torque

(20)
25 B Bl 0 A R AR G BRI, BT

RFRE 2R 58 2 B S R B R R m,,, KL

AT ERC AR | WT(TR: NP S B A0 B B £ D s =
5, A BE 8 RO B 3 b 85 Al 48 I Hh B i 422
SIS, WA A6 L% T B0 A 2 A7 e e Al X

T, R AR S A BOR A B R 8N RIER d LA TE R
TEAREE™ . Bk FME R LRI T
T v E) K 2 A7 P SR P ik £ 2 B A, DL A AR
b £ ol A R PR AR A 5 G S R B R A U oR ]
SR RS 5 TR T M A A A A 1 D7 SN AT
AR, O SR I TR B L R T
BRI 1 Fros o 255 F M B A e il R
Y SEPr i 5 5 R W W B e ket fE 10
V.V VIS G Rl 85 R4S K B9 45 v 38 9 4% 1 2
e 7 o B, S5 B Jo AU 1) O ) b Y 5 R A
JRy, I O R i 6] B (B Bl AT BE D) R FF AR S B
BB R BRSNS TS VW
K9 fion, Hor St Rl At R AL 5 AT AR JE 35 1
ZREAT IR
x1 SHEMNEQNRASSH

Tab.1 Parameters of seeding tube configuration

%5 i 3 Ei ST im K R
I WA A *
I LT 48 e 0.5
I Bl £T 4 A e 2.0
I\ BREFAEAY  RRETHEAE o
A g LT YA 2.0
Vi g LT g 0.5

T oo Fon B35 T i 0 30RO 3 2 0 B0 O R ok
5, DLAERF KBRS 5 o R b0l 5T 5 1 0 27 4 A5 B S
Bk,

(a) PR E RS T

= -y 7 -

| | | |
| T T |
(b) SRR TR A V

K9 SMEMEWRHAEGRER

Fig.9 Schematics of configuration combination

of seeding tubes



%15 )

KM % KRB IEANTIR S I 5 T o8 fp e B 55 195

3 iR

3.1 RWEHS5HE

T 3WTYI6 —20C #JE AHLIF e & IE L
RIS, LA 5 3E S8l . i HLELR T 6 e 35 A
Jay L RST A 36 ~F, e R #A o 20 kg, X503
BT A R R A R M HLA S I ey o 5 7 Z
T2 PR ERE 1 ~5 i KL 0.714, 4 7l
KV, KATHEN 3 m/s, ENRE R 14,18 .22 .26,
30 mm; 7EIRXE 6 ~ 10 A AR 22 mm R AL
IV, ® AT o 3 m/s, K& LA 0.455,0.625,
0.714.0.769 .0.806; 7E ik & 11 ~ 16 1, 4 &N
22 mm K E o 0. 714, KATH B R 3 m/s, 45 4 R
N~ VI JKHE & Bl A6 5 3% 5 R 30 kg/hm®,
TR F7E 3 b PN o K X3, O i S AL R AT
AR SEL S8 iR XA E &, e &
FRANCATHARIE TN T, BEKERN 3 m, % E
1.5 m,

*2 RECEBRBAE

Tab.2 Single-factor experimental scheme

. HNtE/ o RATHE/
w7 Kb A
mm (m-s™")
1~5 14 ~30 0.714 v 3
6 ~10 22 0.455 ~0. 806 v 3
11 ~16 22 0.714 I~V 3

IR, JE LR F 7158 AT AR RS 8Kk
e & 0t o6 LA R e, 72 TR 1E P RCE 40 mm x 40 mm
0 B8 R E AR, B DIT Air 28 B 47 T A HL B 45
TG IE [ RERGE ., X8 7ERRE R
U, AR /N T 1 m/s YR O0 R 04T, B4R 56 &
523,
3.2 MHRERRTEGEFES5ER
TE Matlab 558 SR 4 B AR 3#E 17 BRI , 32 3
FFRL AR B3, I 3F — 25 40 BT Bl 7 FF R A5 BRI
B10 Jir 7n o5& 7 & W Al Bl 7 FF R0 55 U6 1 7E
RGB {0 % 25 i) vh i) 22 5, % 115 6 5 19 1% 251X ek iff
F740 BB, I G 3 A B o AR BT £ 19 14
RN, B S I AR R R N S PR B A
(mm)
X =1600/N (21)
TI R0 1R AR 2 X 0 0 A8 A 6 L 1)
A FRE AL 2
w; = Amax| X, - X, | (22)

_ =t )
w="p (23)

w
d,
A w,—55 i DRPRLARAT 1 58 2
X, X, — 2%l v AT b 1 R R AR 1 AR AR
mm
R——FFRL A% B8, B9
d, ——FEFATHE, L 250 mm
w—FF R AT G P 2 {E
DS R
FERL 2 AN B8 L 2 {E w 8/ HORCAS AR R & B
R DU 5 A B 2% B3R B

(24)

e=1-

&

B 10 b KL B A% PE A 7 2

Fig. 10  Evaluation method of seed strip effect
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Fig. 12 Distribution pattern of seeds with “aggregation
along centerline and dispersion at edge” when inner

diameter was 14 mm
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Tab.3 Proportion of seeds within each distance range under different inner diameters %
N1/ F i 0 2R W 45 FE B/ mm

mm 0~10 10~20 20~30 30~40 40~50 50~60 60~70 70~80 80~90 90~100 100~110 110 ~120 > 120
14 69.2 19.3 0 0 3.8 0 7.7 0 0 0 0 0 0
18 62. 4 29.2 4.2 0 4.2 0 0 0 0 0 0 0 0
22 51.9 37.0 7.4 0 3.7 0 0 0 0 0 0 0 0
26 48.9 26.7 11.0 6.7 6.7 0 0 0 0 0 0 0 0
30 25.0 21.4 25.0 7.1 7.1 0 3.6 0 3.6 0 3.6 0 3.6

W, T 2 R A 258 /)N B S 8 L P (0 ~ 30 mm) |, B
TFRFRL R B 5 Ll 14 mm B9 88. 4% 43 5 42 Tt
% 18 mm B} 95. 8% H1 22 mm B [ 96.3% , 47
T4 RS AR B 22 mm 1Y K% 26 mm B, il 4 kL
FEHEE B O ~30 mm B 555 [ P9 00 5008 7 HE s
/NZE 86.6% ,1E 30 ~50 mm FH S I N A0 KR 5 L
WRE13.4% , BN H 26 mm B K E 30 mm B,
A o A X AR Y 2 R T i T R, S B
A 2 A 25 1 B 5 3 BT P 2 o IR R R R R, AR
A TP R RS TR EBCIR 3 A, AR RICR W s L

K13 fis .
FAHLL

B3 AR 30 mm Bl AR IR BIOR 4 A 55X
Fig. 13 Dispersed distribution pattern of seeds when

inner diameter was 30 mm
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0. 714 I, Fift b AL 454 98 BE - B MH w 820/, I
AR & BHTHIR . MR EHAERIH 0. 714 R =
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Fig. 14  Bar graph curves of test indicators with

different length-to-height ratios
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Fig. 15 Distribution of seeds when length-to-height

ratio was 0. 455
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Tab.4 Proportion of seeds within each distance range under different length-to-height ratios %
- S R 2R 00 25 B3/ mm
0~10 10~20 20~30 30~40 40~50 50~60 60~70 70~80 80~90 90~100 100~110 110 ~120 > 120
0. 455 17.9 14.3 21. 4 0 14.3 7.1 14.3 7.1 0 3.6 0 0 0
0. 625 32.4 20.6 14.7 14.7 11. 8 0 2.9 2.9 0 0 0 0 0
0.714 51.9 37.0 7.4 0 3.7 0 0 0 0 0 0 0 0
0.769 7.7 2.6 25.6 0.0 7.7 15. 4 15.4 5.0 7.7 2.6 2.6 0 7.7

i — 20 AT T O R R Y B Bl 5 R (A5 Rh
FERLIL A RO 28 o . B, K& LR 0. 625
BN 0. 714 B, Fb A R0 7E B8/ B2 Y LA (0 ~
10 mm 10 ~ 20 mm) () %0 5 H5r 5 i 32.4%
20. 6% 3K % 51.9% #1 37.0% .,

MK B K E 0. 769 I, 45T 58 B P {H A
JEIHE K 2 171, 6 mm, B A HR AR 2 0. 31, sP HR
(K], W] fig S Bl 2 S P SR A I B4, T A HL R O 5
TR o O A R A AR R M A o A L R
HE T EANES, FEC AT RAMELL e Rt , 5]
RTENHUHER A i FAPE R 8l o 3 — RAT L1
B3 Tk AL 2 5 A8 12 3 B AR PP ok B 3 BB TR
5 R R A AR R B S B TN
Tt 7 7 b 2 TR BIOIR 4 A, AR R 3 R AR,
Kl 16 iR

Al
Pl 16 K L 0. 769 B (i o -5 L 53 A
Fig. 16  Distribution of seeds when length-to-height

ratio was 0. 769
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Tab.5 Test indicators of different configuration

combination of seeding tubes

SRR A A
HI SR =
1 I m v A VI
W T B (E/mm 149.3 121.6 134.5 62.1 63.7 66.0
T8 5 0.40 0.51 0.46 0.75 0.75 0.74

YRS GO T IR SR
ol 25 B P 45 22 2 T AL B N 3R R Dy 1] BIL Y R 2R
PeAn Jey, HB AT S A7 P eI o ORI, 2% 98 2 7 4
H5 MR BOFR E B G G s, RN
FE T3 AE T e M T 7 B AR T R A
A4 [ 1 0 T 5 2 il 204 B, 5 =R TR R S O
PN BE TR SR AR, e 2% B TR REAE R K O A R
Bl PRI, SCZR AL S8R B 1 BE 1 R, AN SE 2% 0
I~ AR T2 A

iR 17a 5325 S0 al M, 25 5 Bl B R AE A
TS IV IS o AL 2% 58 B2 F 3 (0 62. 1 mm A
SRARECN 0.75, 2R BOR W, 3% W] b 1 b 4L W] oF
(ST RUR L @ LN I VL NS Y TR ey
17b 5 5 2p Al A, A 7 1AL, VIZY A9 254 52

R
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Fig. 17  Seed distribution when configuration

combination of seeding tubes was from [V to VI
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RERE N 0. 714 (5L, 5 Fh 5 Fh 45 4 A 41
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R R K JC UK Bl Bt B B 5 el 5l 2R N T
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PLoek S g 2L 5V, BB SR TR K
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Pz oy =0, 9 X 4 AR 1 RIS Bh S8 i
GERINE 18 TR, B RATIBEVE 3 B AL R,
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Ji J1/MPa i S1/MPa

ﬁﬁéﬁgﬂ 0 73 145 218 290 36.2 435 50.7 57.9 65.2 0 64 148 192 257 35.1 385 449 513 57.7
=AY L% 3 A T i3
RS SR e il
)3 3 /MPa
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Fig. 18  Stress distribution of key load-bearing connection components
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FE 2 R4

ZEA 8 N 6 nIHL3 M LA, E R R
N VPR TR = N BUE S R VAN S = N IV
14 65.2 MPa, 5 K A5 4 0. 016 3 mm ; £ 2% B
FE R ) 4 vh 5 3% 4 45 e 4 1Y 1 2 AL, e R M
74 113.3 MPa, i KA A4 0. 007 5 mm ; [ 5 F
Fg Rz B oh F T, B R R F) Ry 57.7 MPa, fie K

A4 0,002 3 mm 3% 42 e 41 A E R R H
FRG 4 6061 — T6 M4 kL, VF I )y 184.6 MPa, %
FRBEAT HEAA S T300 fik 21 48 52 &5 M ORE, V7 Y 1A
4870 MPa'™', 7R & RATFIETE T T, &4 &8
TR0 S5 KR 3 ¥/ F HAr R 7, B KA T = 7E AL
VI Bl 22 N, 2% B 3% 132 350 44 0l 4% 49 JC A LA D i
T v o R

R6 XBREEZMENMHFTERAEAREAERE

Tab.6 Material properties, maximum stress and maximum deformation of key loading-bearing connection components

- o VR J1/ Ekm#mm ﬁﬁE%?Mm
MPa [ ®AT /3 [V ®AT 3
AT T300 fi £F 4t 52 & 1kl 4870 113.3 106. 5 62.9 0.007 5 0.006 5 0.003 3
HREE A A4 6061 -T6 184.6 65.2 62.5 26.2 0.0163 0.0114 0.0029
[ 52 R 4n 584 4 6061 — T6 185 57. 7 55.7 42.7 0.002 3 0. 0017 0.001 3

5 EEIRESHEKE

gtk — 2 Bk T IK ) B ) Ay S A S R R A
FEAN[R)AE b 328 B RN AN ) ML 78 2% 0 °F 0% 3 Bc 7 B
T 3WTYI6 —20C F1 3WWDZ — 60A %I I A LI/
ApEBEH 1 ~5 m/s B A58 FL S0 . o 3WTYI6 -
20C A Jo AN ALk 5 3 5t B’ 19a fr o, 53 4k
3WWDZ — 60A S & P150 2024 F4 kI AL, %
JH Y g 3 AT JRy, B 3R ST Dy 60 S, d R BT R
60 kg, F AR ®AT I EE R 2.0 m,

(a) 3WTYI6-20CH1 (o) i V M%‘n
PN N e s H TS 1 ATES

(b)ALA& IV R mE

K19 Rk )

Fig. 19  Adaptation test scenario
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DL 3WWDZ —60A #I 14 251,

FEVR AL R Y R A A A B IV, B A
B RS HL B Hh B K B 48 8l , e vk & AR,
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Te ALY 25 T8 B2 4 0 F 2 58.3 ~69.2 mm,
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B R M B R S R T, AR 65 W R Sk A
Te NHLAE & R AL H Herh AR 75 5K o i — 20 X
L6 43 B AT A6 AR [R] TR AT 3R EE R, O [ AL Rl FF
KL A5l 5 P B E 1) Je K 22 (E A 2 30. 0 mm, i
SFE B R ZEAE /N T 0. 12, U B &F X AL B 20 4y 5
EL S ESHER T AEN MR E S5,
FEE CAT T & om0 3RS E B TR R V8 b R SR
RO S

F 2024 4F 5 J A bl K2R it g 1
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Tab.7 Test results under different UAV versions and flight speeds
- RATHEE/ (m-s™")
F AN S e et
1 2 3 4 5
S5 5 B SE I {H/ mm 63.8 58.3 62. 1 69.2 64. 4
3WTYI6 —20C
e 3T 0.74 0.77 0.75 0.72 0.74
21y B B - ¥4 {6/ mm 89.6 84.5 88. 4 92.5 85.2
3WWDZ - 60A
JRA AR B 0. 64 0. 66 0. 65 0. 63 0. 66

(a) 1

) K15 dF T
P20 H )36 97 57 K Hh i AR RO
Fig.20 Field test and strip effect after seedling
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