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Design and Experiment of Multi-arm Rotary High-speed Seedling
Picking and Shooting Device for Rice Pot Seedlings

SUN Liang'> KONG Ziyang' CHEN Borui' XUE Xiaodi' CHEN Jianneng'’> YU Gaohong'’
(1. School of Mechanical Engineering, Zhejiang Sci-Tech University, Hangzhou 310018, China
2. Zhejiang Provincial Key Laboratory of Planting Equipment Technology, Hangzhou 310018, China
3. Key Laboratory of Agricultural Equipment in Southeastern Hilly and Mountainous Areas
Ministry of Agriculture and Rural Affairs, Hangzhou 310018, China)

Abstract: Aiming to improve the efficiency and quality of clamp-type rice pot seedling transplanting, a
method was introduced. This method combined a multi-arm rotary system for high-speed seedling picking
with a pair of counter-rollers for accelerated seedling projection. A second-order oval gear, known for its
stable transmission, was used in the planetary gear mechanism. This mechanism featured four
symmetrically arranged clamping arms to increase the number of seedlings picked per cycle. A kinematic
model and a computer-aided design program were developed to optimize the clamping trajectory and
posture. This process led to the identification of an optimal “peach-shaped” trajectory and the completion
of the gear system design, which was verified by simulation. To ensure stable performance at high
speeds, a spatial swing cam mechanism was designed based on a fifth-order polynomial motion law. This
design achieved low pressure angles and ensured smooth movement. Furthermore, single-factor tests were
conducted to analyze how roller diameter, speed, and position affect seedling projection. The results
enabled precise acceleration and directional projection of seedlings, which was crucial for achieving
upright posture and consistent planting depth. An orthogonal experiment identified soil moisture content
as the most significant factor affecting the planting success rate. Single-factor tests showed that at a speed

of 110 r/min, the seedling picking success rate averaged 94.46% . With a projection speed of 5 m/s,
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seedlings achieved an ideal planting depth of 2.5 ~ 3.0 cm. Combined tests showed that the overall

planting success rate was 91. 6% , with an operational efficiency of 435 plants per minute and a damage

rate was 2. 1% . In summary, this research adopted a separated seedling-retrieving and seedling-planting

collaborative method, offering a technical solution for high-speed, high-quality mechanized rice

transplanting.

Key words: rice pot seedling; seedling picking and shooting device; transplanting; multi-arm rotary

type; elliptical gear
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Fig. 18  Effect of height difference between roller pairs on seedling ejection

iR ANE 17 s .

201

il — MR
0 — ST dLE)
14t
@ 12
E
= 101
® 8r
6 L
4 b
2 L 1 1 1 1 1
0 500 1000 1500 2000 2500
FEH/(r - min ")
(a) EAE150 mmAH R 56
147
— MR

12} — SIBEEEELE)

2 . . . . . )
200 400 600 800 1000 1200 1400
L/ (r - min ™)
(b) Ei7%200 mm %} 4R H K tia
17 N[ 5 55 5 e ol B A 400 i 2
Fig. 17  Fitting curves of different rotational speeds

and seedling shooting speeds

IS5 R e R AR AR — e e, S R
Bﬁﬁiﬁé%iﬁ_ﬁibnﬁﬁik,lﬁﬁf—ﬁ\llﬁﬁ%ﬁo iic)
TG B S S R R N PG TR b
ML 2. 21313@@ S BT AR o BL Ak, S5 B IR
2 R R AR Y T 25 ) I o R A R AR A R
XoF I 4 I 5B o A 1) B g A X [V % 2, {45 G
AR E DRRAT DL R . ORI RN 2
200 mm B, GF B E R R E FIR B R FRT R
12 m/s Lk -, 120 3 5 4 T A P A 1 Al 220K
5.2.3 Bl SRV A RN ST B AR R R

W ST S B B TE B A S WA S R R A S
B A SR AT T S A BB, QA 18 fr R,
SRR A S BR AR A S T B R,
Ry FEWR T — 2 W R ) R L Oy bk, AR BIF 5 G O A Y
2 A % A 2 L ) A 22, O R e B R AL A i
R B AR R AT B0 8 B, DA o T O S 25

METEW%?JL Mﬁﬁj o

(c) AR /2 7520 mm



242 o AL B ¥ i

2026 4

(RIS, DA 0 0 PR AL A R 5 S o S A A
9 — Bk, 3 2 A R A A 0 A A PN ARG

 —

() A A

(b) 3 FH E AR

AR B LS B BT A S (L, 2 BT T T A (Y
XA S0 O 12..89° (1,231 11. 61°, 5 B AR &F
B AR B R 22 O 0. 89° AR5 BOK .

NG

OFRITEERes

P19 4> 1 5 1) R T SR A R
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Tab.1 Orthogonal test factors and levels
S
K B xR, SRR, ISR

(remin~") (°) /%

(remin~")

1 100 600 0 25
2 110 750 6 45
3 120 900 12 65
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WEAC IS T 58 Mg R L2 2, % ik 56 Bl s AT
ZIuilA 1R B4 B R A )R Y Z ] Y [E]
=5 2

Y= —652 +8.924 +0.45B +1.41C +3. 48D -
0.001 34D +0. 004 2BC - 0. 044> —
0.127C* - 0. 035 8D’ (20)
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Tab.2 Orthogonal experiment and results

S
- - = )
(remin!) (eomin-l) (%) D/% Y%
1 100 600 6 45 83.0
2 120 600 6 45 83.5
3 100 900 6 45 78.5
4 120 900 6 45 79.0
5 110 750 0 25 71.0
6 110 750 12 25 72.0
7 110 750 0 65 74.0
8 110 750 12 65 75.0
9 100 750 6 25 70. 0
10 120 750 6 25 73.0
11 100 750 6 65 73.5
12 120 750 6 65 75.5
13 110 600 0 45 80. 0
14 110 900 0 45 77.0
15 110 600 12 45 82.0
16 110 900 12 45 80.5
17 100 750 0 45 81.5
18 120 750 0 45 82.5
19 100 750 12 45 85.0
20 120 750 12 45 86. 0
21 110 600 6 25 69.5
22 110 900 6 25 67.5
23 110 600 6 65 75.0
24 110 900 6 65 72.5
25 110 750 6 45 92.2
26 110 750 6 45 91.8
27 110 750 6 45 91.5
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Tab.3 Analysis of variance results

P 7 ¥ior F P
A 5.33 176.72 3.88 0.0722
B 27. 00 27.00 19. 67 0. 000 8
c 17.52 17.52 12.76 0.003 8
D 42.19 42.19 30.73 0. 000 1
AB <0.0001 <0.0001  <0.000 1 1.000 0
AC <0.0001 <0.0001  <0.000 1 1.000 0
AD 0.250 0 0.250 0 0.1821 0.677 1
BC 0.5625 0.5625 0.409 7 0.5342
BD 0.062 5 0.062 5 0.0455 0.8346
cD <0.0001 <0.0001  <0.0001 1.000 0
A? 85.33 85.33 62. 15 0. 000 1
B? 252.08 252.08 183. 60 0. 000 1
c? 111.02 111.02 80. 86 0. 000 1
D? 1092.52  1092.52 795.73 0. 000 1
W% 16. 48 1.37
He DL T 16.23 1.62 13. 16 0.0726
2% 0.2467 0.1233
J=¥iil 1240.75
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Fig.20  Response surfaces of interaction effects on planting success rate
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Tab.4 Joint test results of seedling picking and
throwing mechanism

BRI mES Sa fEalb By

4 Hoo BE BBV R A& AR/ B
3 LS B R/% R/% (BReminT') /%
1 816 785 745 91.3 94.9 433 2.1
2 816 790 755 92.5 95.6 439 1.9
3816 780 740 90.7 94.9 430 2.4
4 816 788 752 92.2 95.4 437 2.1

5 816 782 743 9.1 95.0 432 2.2
T 816 785 747 91.6  95.2 435 2.1
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