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1.Cultivation trough workbench  2.Feeding cylinder  3.Blanking frame
4.Conveyor 5.Seedling tray 6.Sparse transplanting component with multiple
end effectors  7.Guiding part
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Fig.1 Test platform of high-speed spare transplanting mechanism
with multiple end effectors
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Structure and operation parameters of test platform
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Table 1

Z4{ Parameters
AMERSE (KxFExED) Boundary dimension
(length x width x height)/mmxmmxmm
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6 AT 12 47
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1.Vertical cylinder in left 2.Rack 3.Gear 4.Vertical slide rail 5. Vertical oil
shock absorber in left  6.Multiple end effectors mechanism 7.Horizontal slide
rail 8.Horizontal cylinder 9.Vertical oil shock absorber in right
10.Horizontal oil shock absorber 11.Vertical cylinder in right 12.Frame
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Fig.2 Simplified structure diagram of the sparse transplanting
component with multiple end effectors
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b. Factual picture of multiple end
effectors mechanism
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a. Structure diagram of multiple end
effectors mechanism
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1.End effector component 2.Separation cylinder 3.Fixing board 4.Tension
buffer zone
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Fig.3 Schematic diagram of multiple end effectors mechanism
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1.Tension buffer zone 2.End effector component
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Note: F'is the cylinder thrust, N; Fr is the tension force of first section tension
buffer zone, N; fis the friction force, N; a; is the acceleration of first end effector
component, m‘s‘z; Xo is the initial length of tension buffer zone, m; x; is the

tension length of first section tension buffer zone, m; x; is the tension length of
second section tension buffer zone, m.
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Fig.4 Schematic diagram of force analysis of multiple end
effectors in separation process

HIE 4 W45, B MRETHNNZ TN



4 Al THEZH) (http://www.tcsae.org) 2021 4E
{F— f—F, =ma, . BFARBITE K2 HS Y™, kP e
A *Eli Qﬂ_ﬁ?ﬁf i@fjff 4y B9 65 ke HUKCTRIRETRIE S 5 MR F AL

KA ay ABAEFALEIE B IEE, /s’

PABEZRHE, 55 n DR TAITHIZ - FHTRE RN

K(x,_, —x+x,)~f =ma,(i=2,3,4,5,6) (5
S o NSRRI i-1 B R K, my x MR
e | BUKEKEE, my a, N n DREAE T AL I,
m/s’.

Hia (3) ~ (5) ki, 4 K=0 I, H—BHETH
PERE— BB AT L 5, sl BT A S AR
[Eigsh; BB T AR BT EE ), BEE
B R T AN S AR IR, IR, XN
P73 B I AR v B R IS s B AR, B RS2 SR 2 R
M RE), ORI MRS ), 5 S BRH AR
TR, 2 K>0 I, BB TR B AL
TERIIS, SEah R TRETAMEIT R, W
ZH RS RN TR R o K AT FE 52 50 2% iy
HMIPEAI R 2 Fhgzphats 4R, anlEl 3b P, BT
PRIR AR NIVEZE b7y, IR bR IR AR M G bty
Ir LS 2 B T AL T, o RS b
b oy B AR B bt T A ) A 2 oy U ORAIE T
M T AT AE A5 LR S J5 W] A5 R B 23 A7 T
2.3.3 2 BMFHAAANE LI ALIE A2 A AT

I 2 A T A AR LS AR R 0 50 AT, kP
Gerh RN H G phAs AL R SRR . I T 2R T
FEAE LB 2 DURLAE Bl U8, BRIAE R R A ki
FE PR 5 22 By P AR R i g bl ook, Bl
ARSI 2L, 55 BT PR v 2 B, MR v A%
AR H . 2R TR AR R 3 7 A e R
BEORKP RS SGL AN B SIS AT BE K o 5 5 LR
AR . 7E Solidworks HfFHHEAT = 4ERI I I, JF
oA x t SR K x t U AE] Adams B,
LTI 5P 5 BE B EAKT 2 A5 1 9kl
AW, ZHEEMETIHE NS ES R E, BiE0
HZHWEWNE 2 Pis.

*2 ZBREFHEMELVTGHRESERE

Table 2 Parameter setting of simulation for the sparse
transplanting component with multiple end effectors
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Fig.5 Simulation curve of impact force between multiple end
effectors mechanism and frame
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Fig.6 Geometry size of cabbage seedling tray
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Table 3 Experiment factors level

K gk R KPP e H T8 KA i e 22 2 T WS A EREk el R G
Levels Elastic coefficient of tension ~ Horizontal average Vertical average Horizontal end oil buffer absorption Vertical end oil buffer absorption
buffer zone K/(N'm’™") velocity vi/(m's™) velocity vo/(m's™) energy Ni/J energy No/J
1 0 0.30 0.26 6 10
2 0.064 0.49 0.50 9 15
3 0.128 0.68 0.74 12 20

x4 BREBHXEERRESER

Table 4 Interactive orthogonal experiment results of sparse transplanting

A e oy
-L;ECB;)?I;? (lel{l-l) BIJEI‘I’lk (II‘I}IS/-I) ]V;/ (V] XN])] (V] XN])Z (II‘I}ZS/-I) ]\/}/ (Vz XNz)] (Vz XNz)z AVCI‘agC Transplantation
’ efﬁciency/(ﬁ‘vh‘]) success rate 0/%
1 0 1 0.30 6 1 1 0.26 10 1 1 2934 96.70
2 0 2 0.49 9 2 2 0.50 15 2 2 3816 90.00
3 0 3 0.68 12 3 3 0.74 20 3 3 4500 83.30
4 0.064 1 0.30 12 2 1 0.50 10 1 2 3016 86.70
5 0.064 2 0.68 9 3 3 0.26 20 2 1 4153 93.30
6 0.064 3 0.49 6 1 2 0.74 15 3 3 3956 96.70
7 0.128 1 0.68 6 3 1 0.50 20 2 2 4320 93.30
8 0.128 2 0.30 9 1 2 0.74 10 3 1 3103 90.00
9 0.128 3 0.49 12 2 3 0.26 15 1 3 3 686 93.30
10 0.128 1 0.49 12 2 3 0.74 20 3 2 3956 90.00
11 0.128 2 0.30 9 1 2 0.50 15 2 3 3016 100.00
12 0.128 3 0.68 6 3 1 0.26 10 1 1 4153 93.30
13 0.128 1 0.68 6 3 1 0.74 15 3 3 4500 93.30
14 0.128 2 0.30 9 1 2 0.26 10 1 1 2934 96.70
15 0.128 3 0.49 12 2 3 0.50 20 2 2 3816 96.70
P; 90.00 92.00 94.02  94.66 96.02 92.66 94.66  92.66 93.34 94.00
J; 92.23 94.00 94.00 93.34 91.34 94.68 93.34  94.66 94.66 92.00
K; 94.07 92.66 90.00  91.30 91.30 91.32 90.66  91.32 90.66 94.66
S; 30.26 6.23 32.51 17.67 44.18 17.17 24.92 12.46 24.92 15.71
VE PN IR BT | R R THIE: N5 SIR BT 2 AR T HI: K A% ) SR EKT 3 WG R TR S NG ) SI R BT A
=123,

Note: P; is average of test results of level 1 of factor in column j; J; is average of experiment results of level 2 of factor in column j; Kj is average of experiment results of
level 3 of factor in column j; S; is sum of squares of deviation from mean of factor in column j; /=1, 2, 3.

AT R FEARI, SRRE FE, WK 5 PR,

B T4 TSRBERAENNE
End effectc;r Table 5 Analysis of variance table of test results
componen -
R I Iy F i
Variance source f:eger g(fr?l Variance F Value
Seedling tray
K 2 15.13 4.86
e &l 2 3.11 1.00
Cultiilattilosl tough Vi 2 16.25 523
Ny 2 8.83 2.84
B 7 ot R4k S BALF A K v2 2 1246 4.01
Fig.7 Experiments of leaf plug seedlings spare transplant with Ny 2 8.46 2.72
multiple end-effector ViIXN; 4 15.34 493
3.3 ﬁ%%%'ﬁﬁ\#ﬁ VaxXNp 4 10.00 3.20
SR AT BT S R s ey gy T N IR R s
P, SRR RSy 20 3% 4 BEAT 0 dr, B 3R %= B S AT A, & KR v, SR 3% oh 22 52 5. 2%

IHTERINGE 5 s, W3R S WRL Nv M ZESEE ) 2z vy IR B BAER KT vxNy,. 28
MURSIE AT MR, el F 2B T RIAREE R UM 0 K T T 24030 B o 5 1 8 R T 26 i S 32,
i FAHARA T RS R AR LB o R FARRIS I KPS g5 R, BT R AR b ARk, T A
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W E, FERRBIIEBRK. FHT v RuifK
SR it I R S T U RE R N, A G RS AR R T R
i Hﬁiﬁd" SR T Vi F N, Z]‘ﬂ%l%ﬁ;’%/w VXN 3]
L HAFAST BRI R A B, B 4 TR, %
HHZ (<N FE v 8 0.30 m/s, Ny A4 9 Taovy 24 0.30 m/s,
NN 12 TH v, 5 0.49 m/s, N, N6 T4 FHIF5#%
BT H B KN 96.02%;: Hd v 24 0.49 m/s, KPR
Ui T R G AR O RE B Ny A 6 T I, P RE AR AR N
3956 ¥i/h, BARBINEN 96.70%, LGSR EIT,

207 5% s L RO B RS AR T 2R R e 2
KT v, 24 K=0.128 N/m I, FEA RN R Tk
94.07%, 1 K=0 B, HTBEFHEANEDE, 55
R RO T, BRI Z T 90.00%,
R A AR FE ML RE K N 0.128 N/m AT B4

22 FEAE T W LA 11 2 TS 34 3 B G v R Ak Bl 2 R 5
Wi S 2 P RS2 G o e R A K, TR LA RS R 2= A
6] A5 0 2 A HE A BT R R EROR, W s S5 X
REEE B AR, 4> B FE P AT R b O, B
R 8, BRI R BT v, K EE R
i 1 e 2 i A R WL B B N, B FH O A AR B D 5 il Bl A
AN, HG v, Z RS R R BRI R R A K,
F Bl T LIS Bl B T AR R R LN

H ER M AT R, ASCZ B M T AR A AL 1A
TSR B ) 2 52 G iy B R B KPR AR |1 38
B KPR S PRI R . B IS B H A
HIZ R im b # I RE R AR A A B, E It IER
TRI8 % 52 W 3RS AR VR ML I ML S 5 L & N
gE s E 280 K 9 0.128 N/m. 7K-FF 34135 % v, 5 0.49
m/s. TEE T v, N 0.74 m/s. 7K P A S i R 28 v 2
WL ISCRE R Ny DN 6 3 I B AR v v R 2% pP AR R USCRE B N, N
15 J, RIS FE RT3 3 956 #/h, BRI, %
N 96.70%, & T CAE B R R 1) i SE SR R s T
ek

4 % i

SRR AR I UK R Sk, Wit T —F 2 B
FHIRAE IR RN, FE0 B 2 A T
VeV AT R 15 B0 e P A BT, WS
PREGFR B RETT B IE ARG, #E LB T 35

LEGZ P B 280N 0.128 N/m. 2R H T-HI/K-F-F
B E N 0.49 m/s. TEECFEIEEE AN 0.74 m/is. 7K P A
TH R 22 e IS RE By 6 T AR B R I il i o s IR UL g
TN 15 TB, ZR M FARENUA IR R R 3 956 F/h,
RN 96.70%.
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Design and experiment of high-speed sparse transplanting mechanism for
hydroponics pot seedlings in greenhouses

Tong Junhua'?, Meng Qingxin', Gu Song?, Wu Chuanyu'?*, Ma Ke'
(1. Faculty of Mechanical Engineering & Automation, Zhejiang Sci-Tech University, Hangzhou 310018, China; 2. College of Engineering,
South China Agricultural University, Guangzhou 510642, China; 3. Zhejiang Provincial Key Laboratory of Transplanting Equipment and
Technology, Hangzhou 310018, China)

Abstract: Leafy vegetable cultivation with culture solution has become a promising new type of planting technology for the
vegetable production in a green house. In processing, the seedlings of plugs need to be taken out from the float trays, and
transplanted into the cultivation trough. However, a hand transplanting of seedlings is a major traditional operation with high
labor intensity and low efficiency. In this study, a novel high-speed mechanism was designed with multiple end effectors for
the sparse transplanting of hydroponics seedlings in greenhouses. Specifically, the operations of picking can realize the whole
row seedlings in the float trays, while planting the seedlings in parallel with variable intervals in the cultivation troughs,
particularly with high level automation, and great quality. The test platform of sparse transplanting mechanism was composed
of three parts: the sparse transplanting component with multiple end effectors, transportation component of seedling tray, and
cultivation trough. The sparse transplanting component with multiple end effectors was utilized to transplant the seedlings to
empty cultivation trough, connecting the transportation component of seedling tray and cultivation trough. Concurrently, the
transportation component of seedling tray was used to convey the seedlings. The transportation component of cultivation
trough was used to convey the empty cultivation trough. A systematic optimization was made for the transplanting mechanism,
thereby to obtain the best transplanting effect under the combination optimal parameters. In the transplanting mechanism, a
rigid cloth belt was adopted to connect the series of needle-type multiple end effectors for equal separation. An elastic belt was
also added to alleviate the unequal velocity that resulted from the variable interval process. The collision simulation of multiple
end effectors mechanism was conducted on the ADMS software, indicating a large impact force occurred at the end of cylinder.
In order to cushion the movement impact, the hydraulic shock absorbers were installed at the end positions of multiple end
effectors in the vertical and horizontal directions. The penetration angle and picking seedling depth were determined for the
plug seedlings of leafy vegetable, according to the impact factors of transplanting mechanism. Five impact factors of
transplanting effect included the belt elastic coefficient(K), average horizontal velocity(v,), absorption energy of oil buffer at
the horizontal end(V;), average velocity in the vertical direction(v,) and absorption energy of oil buffer at the vertical end(V,).
An orthogonal test was conducted on the factors in each group. It was found that the transplanting efficiency and transplanting
success rate were inversely proportional, K, as well as v;, N, had a great impact on the transplanting success rate of seedlings.
A combination of optimal mechanism parameter was obtained through analysis of variance: K=0.128 N/m, v;=0.49 m/s,
v,=0.74 m/s, N;=6 J, and N,=15 J. In this case, the better performance can be achieved for the sparse transplanting operating
component with multiple end effectors. The transplantation efficiency was 3 956 plants/h, and the transplantation success rate
reached 96.70%. This mechanism can meet the actual production requirements of high-efficiency sparse transplanting.
Keywords: agriculture machinery; design; test; greenhouse; transplants; plug seedling; multiple end effectors; hydroponic
leafy vegetables



