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Optimization Design and Experiments of Ditching Multi-bar
Seedling Planting Mechanism

ZHOU Haili'"? YANG Wei' YU Gaohong'? WANG Bin' YE Bingliang'*
(1. College of Mechanical Engineering, Zhejiang Sci-Tech University, Hangzhou 310018, China
2. Zhejiang Province Key Laboratory of Transplanting Equipment and Technology, Hangzhou 310018, China)

Abstract; Aiming at the problem that the qualified rate is not easy to ensure when the seedling guiding
tube planting mechanism is planted at high speed, a ditching multi-bar seedling planting mechanism with
seedling pushing and supporting function was designed. The working principle of the planting mechanism
was analyzed, and then the kinematics model of the mechanism was established. Based on the kinematics
model, an aided-analysis and optimization software of the seedling planting mechanism was developed by
using Matlab. According to the seedling planting requirements, the optimization objective was
established, and the optimal mechanism parameters were obtained by the software and the Matlab genetic
algorithm toolbox. With these parameters, the structure design and 3D modeling were completed, and the
virtual simulation analysis was carried out to verify the correctness of design of the mechanism. The
physical prototype of the seedling planting mechanism was manufactured, and the semi-automatic and
automatic vegetable plug seedling planting experiments were carried out. The results showed that when
the planting speed was not higher than 90 plants/min, the qualified rates were more than 95% ; when the
planting speed was 120 plants/min, the qualified rates remained above 89% , which indicated that the
mechanism was feasible for the seedling planting operation. The design provided a reference for the study
of vegetable plug seedling transplanting machine.
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Fig. 1

Working plan diagram of ditching multi-bar
seedling planting mechanism
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Fig.2 Diagrams of different movement stages
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Fig.4 Interactive interface of planting mechanism aided analysis software

Pl
(b) FHEH PR AR R ]

(a) i H FHRER)

(¢) PR e e I (ZEARER)

BS HfEE N Z AT I DG B I 20 1 25 25

Fig.5 Posture of seedling pushing mechanism at key moments during operation

L BRI B SR B T R A R A L B E S,
HN 87 ~93 mm,

(2) S DR IE B 1 7 A b 4 3%, 4 B T 46 B )
WA 0,0k 80° ~86°,

(3) BR B AR AE 1 TF I 8 5 2R A T I
L MER AR ZIHERT /A 0,0 )y 87° ~93°,

(4) M PR BR B 7 AT IS AL T B LR,
HEB S HE B S S, 8 24 ~ 30 mm,

W R OLA B AR R B R 3k JF AT IH —fk i
B R

1% e =%y — 901

5= 93 — 87 (13)
S50 (1)
S (19)

- 1% oy ;g”_*“;‘;l_ﬂl (16)

A woy——IF I A8 A i 6 A B
X p ™R P AT AR BRAE B A A
iAo, P AEZE R BR A EL AR AR
i 3 g B 25 F b Xk AR v HILAL 1R BE S e Y 22

PR AR 22 55 43 5 45 D0 A6 B bR 08 AR - R AE
w0, =0.3 .0, =0.25 w, =0.3 . w, =0.15, 75 5| F L
AR AL H bR A

F=1.8lx,,,. %4 -901 +1.516, -901 +

1.816, =861 +0.91x,, —x, .. =901 (17)

3.2 BUHTERAREHN

I8 3 B B Ay A s B R TR s S B H
I FRL PR 2R 4 B v i o L P A R 45 ) 1 R A
SR I A S B AT M O 0 M
WL SRS HE R 1 iR, Wik, #EE LA

L%'H‘Q%ﬁﬁi%j Xp \ZAF \131\' \lm‘ \lKEO

x1 EitsH

Tab.1 Design parameters

2% $fi % H (i
Ly, /mm 15 Iyp/mm 30
¥/ mm -10 Ly /mm 65
r/mm 10 lpy/mm 28
@,/ (°) 115 @3/(°) 90
xp/mm -90 ~ =70 || l4p/mm 270 ~290
lgx/mm 40 ~50 lpy/mm 30 ~40
lyp/mm 225 ~245




%3 1

JRET 25 - SRR i B AR LT 1 N 2 AP ML A A B 5 1l 83

3.3 fRUER

FI I Matlab 8 4% 55 3k T 5L A6 4 #E & ML E 47
SRR G B AR AT A R 4 B
Nix,=-78.5mm,l,, =285 mm,l,, =40 mm,/,, =
30.5 mm, [y, =244.5 mm, B & 3F S8 A 5 B K
A2 5 B, SR & BARE 4351 S, =89 mm, 6, =
82°,0, =90°,S, =26 mm i &1k H AR B K,

HEVEDILAE) 52 00— W HE AR, HE R il P B
W KT 1] A B il 4R A 6 fif s (LA I g R
Ry MR L, TR IR AR R S ) R A) o [ 6b s a
FETR eV BAL T A7 W BRA B (1R Sa) , eI JE v AR
vig s P 5T R IEE S, =89 mm; K b FonifE
T B B2 fk Bk 7 B (L Sh) 5 e FeoR HERT BBk
TF V8 i S 14 22 W BR A B 58 A T (81 5¢) , e o
it T P 5 A B S, =26 mm,

0 100 200 300
FFOARFX % £4/(°)

(a) HE . PESHHB (b) P>
K6 HfEmidizghk

Fig.6 Curves of pushing seedling block movement
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Fig.7 Displacement curve of seedling supporting board
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Fig. 8 Simulation of seedling push mechanism

B9 Sy Bl 46 5 B0 il 42, 24 4k ok T T
AN AT A BR AL B, ST RR R A S,k
87 mm , 5 FIETHE A 22 2 mm , £k W AT S E VA 4
JEEAR 20 mm ;9 #E 1 HR 58 A T, Ak T VA A AR A2
e B B, 5 TRV 4 AR IE B S, 27 mm, 5 HE B
TREAH 22 1 mm, B8 BB 9 2% 364 139 mm,
i RSB A RIREYNT 3% , A &
SRASH AL P IR RS AR B A RS 2 i B 5 0 B o by
B A8 0 T R A B A il R AR — B, R TE T T
AP LG 32 Bl 2 A5 0 A0 0 Ak 152 11 25 51 i 1E
itk

5 HEENAENLE

18 58 BT 18 3K 2 FF R LA 8 0005 B0 30 F )5
I T AR AL P BEAEHL, AN 10 FroR . 7RS4
SRR 0 A R 5 b, B T AR LA Y
FHME AR BEAREECEASIBRE A
TAHERT ;42 A sh B Ak B E B AL LR ) , aniE 11
FEoR , FE IR R IR .

T 50 B R T8 e Al 2 B O 100 mm/'s T {4
PRI N 40 mm, R FH 128 JCH M ST E
30 d VY 2 AERR T, 1 E O 100 ~ 130 mm (5 25
SR B S R B RS A L) o B A P
TEAL A B FE 60,90 120 #k/min B, FF i 3 45,



84 &l #Hl

2023 4

100 200 300 400

FFOARIR 1/ (%)

i
fiE

100 200 300 400
FFOARIR A0/ ()

9 G5 Eh A L

Fig.9 Comparison of theoretical and simulation curves

(a) IEALE (b) A
B 10 T ALA 4 BRAE AL

Fig. 10 Physical prototype of planting mechanism
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